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—new laboratory apparatus made from rugged “hard” glass 


New Kimax laboratory glassware from Kimble 
may offer you new opportunities for greater 
savings through discounts. Ask your dealer 
about them. 

Krax incorporates Kimble’s high standards 
of accuracy, design and workmanship with 
new durability. , 


26015 DISTILLING FLASK. Reinforcing bead 
on rim for extra strength. Side-tube seal to 
neck is uniform and heavy. Uniform walls, 
“hard” glass construction provide additional 
strength. In sizes from 25 ml capacity to 
1000 ml. 

22012 DISTILLING RECEIVER. Made of KG-33 
“hard” glass to withstand thermal shock. Cali- 
brated to contain, retested for accuracy. Stand- 
ard taper joints carefully ground. 10 ml 
capacity. 

18130 CONDENSER. Built to withstand ther- 
mal and mechanical shock. Sealed-in inner 


KIMBLE LABORATORY GLASSWARE 


aN (1) propucr 


tube has standard taper joint and drip tip at 
outlet. Adapter is tooled for accurate stopper 
fit and thick-walled for greater strength, In 
two sizes—300 mm and 400 mm. 

24071 EXTRACTION TUBE. Made of heavy, 
uniform tubing for greater strength. Vapor tube 
protects siphon tube. Standard taper joints. 
Available in three inside tube diameters— 30, 
38 and 50 mm. 

20007 ASTM GRADUATED CYLINDER. Cali- 
brated to contain. With round base (60 mm 
diameter) to fit cooling baths. Reinforcing 
bead at top. Uniform, heavy walls. Assured 
accuracy of entire scale. Durable markings. 
Complies with ASTM requirements. Also avail- 
able in 25 ml capacity. 

See your Kimble dealer for more details or 
write Kimble Glass Company, subsidiary of 
Owens-Illinois, Toledo 1, Ohio. 

KIMAX is available through dealers in the United 
States, Canada and principal foreign cities, 


Owens-ILuino1s 


GENERAL OFFICES + TOLEDO 1, OHIO 
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THOMAS PETIGRU FRASER 


— Tuomas Peticru FRASER has 
served as the twenty-sixth president 
of the National Association for Research 
in Science Teaching with honor and dis- 
tinction. Dr. Fraser, the son of Mr. and 
Mrs. Thomas P. 
Georgetown, South 
1902. The mother still survives. 
four brothers and four sisters. He mar- 
ried Marie Lovette in 1926. They are the 
parents of three children: Mrs. Dolores 
Fraser Barrick, a graduate of Morgan 
State College and a teacher in the Phila- 
delphia Public Schools. The daughter has 
a four-year-old Stephanie Marie 
Fraser and Thomas P. Fraser III are twins. 
Stephanie is a graduate of Morgan State 
College and has an M.S. degree in Library 
Science from Simmons College, Boston. 
She is children’s librarian at Enoch Pratt 
Free Library in Baltimore. Thomas III 
is a graduate of Dartmouth College, Union 
Theological Seminary, and 
Master’s degree in Theology at Harvard 
University. 
St. Augustine Presbyterian Church in New 
York City. 

Dr. Fraser received his elementary edu- 
cation in the Howard Elementary School, 
Georgetown, South Carolina. He had his 
high school work in the College Prepara- 
tory Department of Claflin College, Or- 
South Carolina. College at- 
tendance and degrees include: B.S. Claflin 
College, 1926; A.M. Columbia University, 
1930; Ed.D. Columbia University, 1948. 
Additional college work included: College 
of Pharmacy, Howard University, 1923-24; 


born in 
June 24, 
He has 


Fraser, was 


Carolina, 


son. 


earned a 


He is associate minister of the 


angebury, 


Professional Diploma in Supervision of 
Science, Columbia University, 1930; and 
Summer Session at Ohio State University, 
1931. 
at Columbia University was: Science 
Teachers’ Objectives and Attitudes Toward 
Using Community Resources in Teaching. 
Head of 
Science Department, Booker T. Washing- 
ton High School, Miami, Florida, 1926-29; 
Wilberforce Uni- 
Wilberforce, Ohio, 1930-39; 
Dean, Edward Waters College, Jackson- 
ville, Florida, 1940-42; Dean, Delaware 
State College, Dover, Delaware, 1942-47; 
Professor of Biological Science and Head 


The title of his doctoral dissertation 


Teaching experience includes : 


Professor of Biology, 


versity, 


of the Department of Science Education, 
Morgan State College, Baltimore, Mary- 
land, 1947 to present. 

Honors include: Fellow of the General 
Education Board (for study at Columbia 
University, 1935-36); Sword and Shield 
(honorary fraternity at Wilberforce Uni- 
versity ) ; Phi Delta Kappa (Columbia Uni- 
versity, 1948) ; Beta Kappa Chi (national 
scientific 
Maryland Biology Teachers Association, 
1954-55; Chairman of Judges, 


honor society); President of 
saltimore 
County Science Fair, 1955-56; Fellow in 
the American Association for the Advance- 
National 
Science Foundation Summer Institutes at 
Morgan State College, 1956, 1957, 1958; 
member of Alumni Conference, Teachers 
College, Columbia University, 1950; mem- 
ber of Eligibility Committee on Aid to 
Athletics, 1953-54, 1955-56; member of 
U.S. Office of Education 


ment of Science; Director of 


Conference on 
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Implementation of Titles III and IV of the 

National Defense Education Act of 1958; 

member of Faculty Athletic Committee 

National Association of Intercollegiate 

Athletics, 1958—59. 

Honors and activities in the National 
Association for Research in Science 
Teaching: Member of Executive Commit- 
tee, Vice-President (1956-57), and Presi- 
dent (1957-58); Committee on General 
Education Science; College Level Com- 
mittee (Vice-Chairman 1953-54 and 
Chairman 1954-55); Chairman of Com- 
mittee on Needed Research in Science 
Education. 

Dr. Fraser is listed in American Men of 
Science; Leaders in American Science; 
Who Knows—and What Among Authori- 
ties, Experts and Specially Informed ; Who 
Knows—and What Among Authorities, 
Experts, and Socially Informed ; and Who’s 
Who In the East. 

In addition to the indicated memberships 
listed above, Dr. Fraser is a member of 
the American Association for the Advance- 
ment of Science, the American Associa- 
tion of University Professors, Maryland 
Education Association, Association on 
Education of Teachers in Science, the Na- 
tional Science Teachers Association, and 
the National Association for Research in 
Science Teaching. 

Dr. Fraser has served on numerous com- 
mittees, as science consultant, and in 
numerous conferences in addition to the 
ones listed above. 

Publications include: 

1. The Objectives of Science Teaching. 
Morehouse Journal of Science, Janu- 
ary, 1931. 

. Science Surveys in Accredited Negro 
Teachers. Journal of Negro Educa- 
tion, January, 1940. 

3. Summaries of the Proceedings of the 
Delaware State Teachers Association, 
Bulletins of the Association, 1943, 
1944. 

4. Science Teachers’ Objectives and At- 
titudes Toward Using Community 


bo 
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Resources, Sciene Educaton, Decem- 
ber, 1949. 
. Science Teachers’ Objectives and At- 


cn 


titudes Toward Using Community 
Resources, Teachers College Record, 
February, 1950. 

. Entomology As A Vocation, Intro- 
duced Through the Study of General 
Biology, Turtox News, December, 
1948. 

. Science Teaching For Better Living, 
The American Biology Teacher, 
March, 1954. 

. (with John W. King). Opinions of 
Students and Faculty on College Gen- 

eral Education Science. The Journal 
of Higher Education, May, 1954. 

9. (Co-author) Review of Research In 
Science Education For the College 
Level. Science Education, December, 
1954. 

10. A Study Of the Opinion Of Students 
On College General Education Sci- 


~ 


NI 


v2) 


font 
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ence. Science Education, April, 
1955. 
11. (Co-author). Third Annual Review 


Of Research In Science Teaching, 
Science Education, December, 1955. 

12. (Co-author). Symposium: Needed 
Research In Science Education, Sci- 
ence Education, December, 1956. 

13. (with John W. King). Alumni 
Opinions On College General Edu- 
cation Science, Science Education, 
February, 1957. 

Unpublished papers comprise a much 
longer list. Some of these will be pub- 
lished and include a proposed college 
textbook Biology and Man. 


Dr. Fraser summarizes his philosophy or/point 
of view in science teaching as follows: 

1. There is a great need to strive for excellence 
in science education in American schools. 

2. Programs in science education should be 
continuous. Science educators recognize that 
this striving for excellence on all levels—ele- 
mentary, secondary, higher education—will be 
costly in resources and effort, and will require 
the close cooperation of faculty, administrators, 
students, parents, trustees, public officials, and 
all interested citizens. 

3. Plans directed toward strengthening the 
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quality of science education should be undergirded 
by basic, patterned, coordinated research in 
science teaching. Without it little progress can 
be made. 

4. There is a need for strengthening programs 
of elementary science, and to continue to stress 
those attitudes and skills which are needed by 
responsible, thinking citizens. Moreover, we 
must do whatever we can to help teachers in 
ways that bring about skills of scientific inquiry. 
We need also to discover and encourage poten- 
tial scientists at this level. 

5. There is a need for strengthening programs 
of science at the junior and senior high school 
levels. These programs should be designed to 
continue the general education function in sci- 
ence started at the elementary school level; and 
to provide for special and challenging education 
in biology, chemistry, physics, and physical sci- 
ence. Maintenance of our scientific and technical 
leadership as a nation is dependent upon a 
steady and increasing flow of properly trained 
young people into our colleges and universities. 
This presents a challenge to science teachers to 
revitalize science courses and to discover and 
encourage science talent. 

6. Undergraduate colleges have a dual role in 
science education—general education in science, 
and speciai education in science. The general 
education science function is of utmost importance. 
Here teachers are challenged to develop in the 
student, not only an understanding of the sig- 
nificant concepts of science, but the ability to 
use his knowledge as a responsible member of 
society. Research in this area should analyze 
the major aspects of the influence of science 
upon society, and suggest the organization of 
learning activities within these areas. Some 
aspects and problem areas encompass the 
disciplines of: biology, chemistry, physics, me- 
teorology, astronomy and geology; they should 
emphasize applications of science in home, eco- 
nomic, cultural and social institutions. 

7. The evaluation of the broad outcomes of 
science for general education involves research 
into the development of instruments for measur- 
ing the ability to identify and define scientific 
problems, to suggest or eliminate hypotheses, t 
select procedures for testing hypotheses, to in- 
terpret data and draw conclusions, to evaluate 
critically statements by others, and to reason 
quantitatively and symbolically. It also involves 
research into the measurement of broad under- 
standings of the significant concepts of science. 

8. Specialization in science at the undergradu- 
ate level should include the preparation of 
teachers of science. Here talented students 
should be recruited, and the education provided, 
should be broad (general education in sciences, 
humanities, and social science), and specialized. 
The science teacher should have command of a 
discipline (biology, chemistry, or physics) 
which counts hard work and devotion to learn- 
ing as the price of success. Mathematics is the 
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language of science and the preparation of sci- 
ence teaching involves courses in mathematics. 
Courses in education should involve experiences 
in psychology, the teaching of science, the place 
of science in the organization of schools, evalu- 
ation (testing and grading), and counseling. 

9. The education of the lay public in science 


and the preparation of scientists, including sci- 
ence teachers, should be based upon excellence 
in faculty; administration; programs; and physi- 
cal plant facilities, including complex equipment. 

10. Present programs for strengthening the 
teaching of science must be continued. It is not 
a matter of stressing one part of the curriculum 
to the neglect of others. An imbalance in gen 
eral education science and in science programs 
for specialization exists. It is hoped that the 
present emphasis on science will serve to bring 
this discipline abreast of offerings in the humani 
ties and in the social sciences. 


Dr. Fraser says leisure time is difficult 
to find in a schedule such as his. He was 
at one time an accomplished trumpet 
player and is still an enthusiast for inter- 
collegiate athletics and was faculty repre- 
sentative of athletics for Morgan State in 
both N.C.A.A, and C.IL.A.A, 

\ffectionately called “Tom” by his col- 
leagues and acquaintances, Dr. Fraser has 
the unqualified respect of subject matter 
specialists and science educators. He is a 
hard-working, top-notch science admin- 
istrator, inspirational teacher, and an 
authority on research in the teaching of 
science at the college level. Certainly Dr. 
Fraser has been one of the most active 
members in N.A.R.S.T. since his elec- 
tion in 1950. Few, if any, has given 
so freely and unselfishly of his time and 
effort to N.A.R.S.T. activities as has 
Dr. Fraser during his brief N.A.R.S.T. 
membership. His efforts have had an im- 
portant part in maintaining or even lifting 
to a higher plane the purposes for which 
N.A.R.S.T. was originally founded. Dr. 
Fraser will long be remembered as one 
of the all-time greats among N.A.R.S.T. 
presidents. It is with pleasure that Dr. 
Thomas Petigru Fraser is made recipient 
of the Fourteenth Science Education Recog- 
nition Award. 

CLARENCE M, PRUvUITT 








SCIENCE EDUCATION IN THE SPACE AGE * 


BowEN C. DEEs 


Deputy Assistant Director for Scientific Personnel and Education, 
National Science Foundation, Washington, D. C. 


W are moving through the ages very 
rapidly nowadays. Not long ago we 
considered ourselves to be in the machine 
age; then came the atomic age—and now 
we are in the space age. 

Obviously, the machine has not disap- 
peared, nor have we done away with atoms. 
3ut the spectacular and exciting aspects of 
space research and exploration have caught 
the public interest in a new and almost un- 
paralleled way. 

Although the terminology describing a 
given interval of years may change, the 
main fact remains unchanged—science and 
technology have never been so important 
before, and their importance will increase 
rather than diminish as the years go by. 
Hence a more inclusive and more stable 
description of our era would be “The Age 
of Science and Technology.” 

Science education in the space age, then, 
should really be considered in a broader 
frame of reference. Machines are more 
numerous than ever before and they are 
becoming more complex every day. We still 
have much to learn about the nucleus of the 
atom. Solving the problems that lie ahead 
in connection with launching more satellites 
—or, eventually, exploring space—will re- 
quire trained minds capable of coping with 
more and more abstruse problems in basic 
and applied science. Hence the problem 
which science education faces today is not 
essentially different from that which we 
faced ten or twenty years ago. 

What we need is to find more effective 
ways of passing on to the next generation 
the scientific knowledge and techniques 
and the related cultural values—which man- 
kind has accumulated. 





* Presented at the Thirty-First Annual Meet- 
ing of the National Association for Research in 
Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 22, 1958. 


‘So long as the theory of relativity may 
be considered valid—and there seems no 
reason at present to predict that Einstein’s 
immense contributions are likely to be 
proven wrong—the possibility of man “‘con- 


, 


quering space” in the larger sense is vanish- 
ingly small. On the other hand, man will 
almost certainly “colonize” the planets in 
the decades to come : quite possibly this will 
occur during the lifetime of many persons 
now living. Even should this happen, 
however, it is unlikely that the colonies thus 
established will represent colonization in 
the usual sense. Rather, such planetary 
settlements as may be deemed desirable will 
probably be relatively small in population 
and primarily devoted to exploitation of the 
planets colonized for the benefit of those 
who stay “at home” on earth. 

Solving the problems of interplanetary 
travel is a relatively straightforward matter. 
The technological difficulties that still stand 
in the way are of great difficulty, but numer- 
ous approaches to solutions of these prob- 
lems have already been suggested and are 
going forward. It is probably a safe bet 
that solutions to these problems will prove 
to be less difficult than the problem of pro- 
longing human life by a significant degree 
—and much less difficult than the problem 
of finding ways of assuring peace on this 
planet. To conquer that small part of space 
which we can hope to reach, we need to 
develop our science in the same general 
direction in which we have long been 
traveling. Relatively little which is new or 
novel need be introduced into our research 
or technology because of this new goal. 

The public apparently has equated the 
ability to launch Sputniks and Explorers 
and Vanguards with high accomplishment 
in science. In my judgment, this quick 
conclusion demonstrates as few other things 
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have done the degree of scientific illiteracy 
prevailing in the world today. Launching 
a satellite is a marvelous and historic tech- 
nological achievement, but as a scientific 
breakthrough it is not in the same league 
with the development of the quantum theory 
or the discovery of nuclear fission. Too 
much confusion exists in the public mind 
with respect to the difference between 
science and technology. This is one of the 
basic problems facing science education 
today. Adequate, continued and wise sup- 
port of science will come only when we have 
a scientifically literate citizenry. 

To decry the public interest in science 
education which was awakened by Russia’s 
launching of the first artificial earth satel- 
lites would be shortsighted. This interest 
should be nurtured and guided into profit- 
able channels. Many individuals have been 
trying to arouse general interest in improv- 
ing education in this country—particularly 
education in science—for years. Reason 
and persuasion have been much less effective 
than the fear-engendered reaction to the 
Sputniks. Fear is a poor basis for sound, 
long-range program planning. But to the 
extent that we are frightened out of a state 
of complacency, we may consider ourselves 
lucky that fear is an effective motivating 
factor. To encourage relapse into com- 
placency would be bad. Nonetheless, hys- 
terical, irrational action would be equally 
bad. 

For the scientists and educators of the 
United States to fail to seize upon the 
newly-awakened public interest would be a 
failure to meet an evident responsibility. 
Science affects our culture in myriads of 
ways. All citizens must somehow achieve 
better understanding of what science is and 
what scientists do. To assure such under- 
standing on the part of the citizens of the 
future is a major job which science edu- 
cation must attempt to accomplish. This is 
not a new goal, but better ways of moving 
toward it must be found. 

In designing its programs the National 
Science Foundation has attempted to bear 
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in mind not only the desirability of provid- 
ing more and better science education for 
the citizen but also the goal of improving 
the education of those who will eventually 
become professional scientists and engineers. 
In working toward this end the Foundation 
operates under a brief, broad and action- 
oriented statute. Although the law is brief, 
the legislative history behind this piece of 
enabling legislation is lengthy, and serves 
as a guide for the Foundation in the de- 
velopment of policies and programs. It is 
clear that Congress intended the National 
Science Foundation to be concerned mainly 
with “basic research and education in the 
sciences” and with applied science to only 
a limited degree. Over the last six and 
one-half years the actions of the appropria- 
tions committees of the Congress have con- 
firmed these understandings as to the intent 
of the Congress when the Foundation was 
initially established. 

By law the National Science Board, com- 
posed of twenty-four Presidentially ap- 
pointed members broadly representative of 
the academic, scientific and “public affairs” 
segments of the community, guides policy 
formulation within the Foundation. From 
the guidance that the legislative history and 
the law itself provides, together with Board 
discussion and counsel, the staff has devel- 
oped programs which have gained wide 
acceptance. 

Obviously not everything that the Na- 
tional Science Foundation does meets with 
approval from everybody. Those who work 
for the Government must often develop 
thick skins. Criticisms of National Science 
Foundation programs in some cases are 
inevitable for the simple reason that it is 
impossible to please everybody all of the 
time. However, rather than shrinking away 
from criticism, the Foundation welcomes 
honest, sincere and informed criticism: the 
type of criticism which can lead to improve- 
ment in the overall situation. 

Present and projected National Science 
Foundation programs are based on certain 
specific principles. These principles have 
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never been officially codified and it is hard 
to say which of these is most important. 
As one staff member of the Foundation sees 
them, here are some of the more significant 
principles which have guided us and will 
continue to guide us in developing our 
programs : 


... Although we recognize the fact that an ever- 
increasing number of professionally trained people 
will be needed to meet the scientific and tech- 
nological requirements of our society, we believe 
it is more important to support programs designed 
to improve the quality of science education than 
to support programs aimed at increasing the 
number of scientists and engineers. 

... The most important element of the science 
education endeavor is the teacher: hence high 
quality of science education cannot be achieved 
unless we have good teachers. 

. . To do a really competent job the science 
teacher must have a thoroughly adequate knowl- 
edge of the subject or subjects he teaches. 

. .. Working scientists must contribute much 
more fully than they have in recent decades to the 
efforts to improve science education. 

. . Good teachers cannot do their best work 
if the curricular materials with which they work 
are diffuse, out-of-date, or uninspiring; nor can 
their instruction be fully effective if the facilities 
and equipment with which they must work are 
inadequate. 

... The National Science Foundation can ac- 
complish its goals most effectively by working 
through the scientists in our universities and col- 
leges—and through the various scientific societies. 


In today’s world we cannot avoid com- 
pletely the difficulties occasioned by the im- 
precise meanings that come to be associated 
with words and phrases. Semantic diffi- 
culties arise in a number of ways and are 
associated in part with the development of 
“sub-languages” by particular groups. The 
bureaucrats have their “gobbledygook” ; 
the educationists their “pedagese”’ ; the sci- 
entists their “jargon.” 

[ find it particularly difficult to find 
appropriate words to distinguish between 
those academic people, trained in science, 
who work on the research side of science 
and those concerned primarily with teach- 
ing teachers. The commonly accepted 
words in this context for these two groups 
are “scientists” and “science educators.” 
However, many scientists teach and like to 
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think of themselves as being involved, there- 
fore, in an educational endeavor. Clearly 
they would qualify as “educators” in the 
dictionary sense. There are those who are 
called “science educators” who have better 
training and are more productive in science 
than some so-called “scientists.” 1 cannot 
feel, therefore, that the raw and unqualified 
‘scientist’ and “science 


use of the terms 
educator” as distinguishing terms is entirely 
satisfactory. So far I have been unable to 
find an acceptable alternative phraseology, 
however, and therefore I join the ranks of 
those who use these terms as a simple way 
of distinguishing between these two groups 
of people. 

The oft-cited schism between scientists 
and science educators is due very largely 
to a difference in point of view. The indi- 
viduals in these groups perceive their func- 
tions as being different and, to some extent, 
unrelated. This has occasioned many mis- 
understandings and entirely too many harsh 
words, blasts and counterblasts. The prob- 
lems that exist in science education today 
cannot be solved by the simple expedient 
of tracking down a scapegoat and hanging 
around his neck a sign reading: “You are 
to blame for our troubles.” 

Sometimes I wish that there were the 
possibility of forcing some of those who 
are so eager to espouse the cause of science 
(as they see it) and those who stand up for 
the case of the educationists to sit down for 
a lengthy session of open-minded discussion. 
[ feel that there are large areas of agree- 
ment between these two schools of thought 
—areas which are probably far larger than 
the areas of disagreement. Since there is 
no possibility of forcing such discussion— 
much less open-mindedness—all that those 
who wish to help bring about a more rational 
approach to the problems which we face 
can do is to continue to plead for reason- 
ableness. A number of people have been 
pleading for a long time for increased co- 
operation between the scientists of this 
country and their colleagues in the field of 
science education. If both groups will ap- 
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proach one another with open minds and 
will make a real attempt to understand the 
contrasting points of view, their search for 
areas of agreement will be successful. 

In adding my voice to those who have 
been and are still pleading for this kind 
of open-minded discussion, I am not advo- 
cating the “if you can’t lick them, join 
them” approach. What is needed most is 
for a group—or many groups—of tough- 
minded representatives of the two contrast- 
ing points of view to get together, hammer 
away at contrasting beliefs, and learn from 
the experience. Science educators feel, with 
more than a little justification, that scientists 
are prone to lose their objectivity in this 
area. It is not uncommon for a scientist 
trained in the rigorous tradition of the 
scientific method to espouse an educational 
point of view which he has derived from 
the atypical and limited experience that he 
has acquired in watching and helping with 
the education of his own children. Other 
scientists generalize from their experience 
with relatively small numbers of students 
with whom they come in contact in their 
own college or university situation. This 
type of generalization from inadequate data 
would be unthinkable in the laboratories of 
these scientists. But everyone is an expert 
when it comes to educational matters, and 
there is relatively little recognition among 
the ranks of the scientists that valid research 
can be, and has been, done in the area of 
education. 

The same scientists who are willing to 
generalize from their own limited experi- 
ence relative to educational matters are 
prone to think that all educators are willing 
to draw conclusions from and act upon 
inadequate data. I am convinced that 
science educators can present a better pic- 
ture of what they have learned and what 
is known about the educational process than 
most scientists realize. Moreover, I have 
a strong hunch that scientists can help im- 
prove reseirch in science education, and 
that some of the intuitive convictions of 
experienced scientists relative to science 
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education will turn out to be substantially 
correct, 

It is gratifying to be able to note that 
collaboration between scientists and science 
educators is increasing. Such collaboration 
must continue to increase and should be 
going on at a much more impressive level 
than it is at present. 

Returning for a moment to the question 
of the importance of subject matter knowl- 
edge for teachers, this is a matter which has 
been discussed in many settings. At the 
1957 annual meeting of the National Asso- 
ciation for Research in Science Teaching 
there was at one point a discussion of the 
Institutes Program of the National Science 
Foundation. Some of those who discussed 
these institutes—and their basic approach 
to improving the subject matter knowledge 
of in-service science and mathematics teach- 
ers—contributed a point of view to the 
discussion which could have been inter- 
preted as meaning: “Teachers need very 
little basic knowledge of subject matter if 
they have received good training in how 
to teach.” I do not believe that this was 
what the speakers intended to convey by 
their comments. Rather, the question they 
were raising probably was a considerably 
more subtle one: “What is the proper bal- 
ance in a teacher’s pre-service training be 
tween subject matter instruction, and pro- 
fessional training in pedagogy ?” 

On this matter I believe that: 

— teachers can and should be taught profes 
sional skills, some psychology—and given 
some practical experience ; 

— there is a minimum level of mastery of sub 
ject matter below which a given teache 
will not be able to do a good job; 

— the ideal we must all strive for is a situation 
where all of the teachers in all of our schools 
are adequately trained in subject matter and 
have a sufficient understanding of the essen 


tial elements of all those matters which ar« 
encompassed by the phrase “how to teach.” 


I fear that the situation we face today is 
that in-service teachers are relatively better 
trained in professional education areas than 
they are in subject matter. A shocking 
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proportion of those now teaching science 
and mathematics in our high schools have 
never had any training in college in some 
of the subjects they are called upon to 
teach. One state-wide study which I have 
seen indicates that 40 per cent of the physics 
teachers in the high schools of that state 
have never had a single course in physics 
at the college level. If what we are con- 
cerned about is a proper balance between 
subject matter training and professional 
training, it seems to me that we need to 
place more emphasis today on subject matter 
than on professional training. In saying 
this, I once again wish to reiterate the con- 
viction that what we want is not all of one 
and none of the other, but a proper balance 
between these two elements which should 
be contained in the pre-service training of 
any elementary or high-school teacher. 

It is well known that the National Science 
Foundation has chosen to concentrate its 
programs on activities designed to improve 
the subject matter understanding of teach- 
ers. The Foundation’s decision to empha- 
size this area has been based on the convic- 
tion that such an emphasis is implicit in our 
statutory mandate. Furthermore, the pre- 
ponderance of advice received by N.S.F. 


relative to its proper role—advice from 





scientists and educational administrators in 
many parts of the country—has strength- 
ened the conviction that the major part of 
the Foundation’s activity should be directed 
toward subject matter problems rather than 
toward problems ordinarily considered as 
residing in the pedagogical area. There are 
those who have said and will continue to 
say that the N.S.F. emphasis on subject 
matter training is not “the best approach” 
to a solution of our present problems. Even 
those who say this are in general willing 
to admit that more subject matter training 
for science and mathematics teachers is 
desirable and that it will not do harm. 
Their contention normaliy has been that one 
should have a more balanced program. It 
is hard to argue that the present N.S.F. 
program is perfect or that it is, according 
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to all criteria, the best of all possible ap- 
proaches. We are convinced that our 
present emphasis is accomplishing many 
worthwhile aims and that it is doing so 
without harmful results. While we can 
continue to hope for improvements in our 
programs, we do not expect the time to 
come when our programs will be considered 
ideal by all observers. 

It is likely that the scientists and science 
educators of the United States could easily 
agree on a common goal, provided this goal 
were stated in very broad terms. It is easy 
to say, for example, that we would all like 
to see the right kind of science taught in 
the best possible way. Clearly the difficulty 
is not so much in devising a broad state- 
ment of a commonly desired goal, but rather 
in getting agreement on what the words 
in such a statement mean. Among chemists 
there is not universal agreement as to the 
“right” things to be taught in a course in 
chemistry—whether the course be intended 
for high school or college students; the 
same comment can be applied with equal 
validity to other fields of science. The lack 
of unanimity among scientists themselves 
foreshadows a somewhat greater difficulty 
which rises before anyone who attempts to 
obtain universal agreement—as to the mean- 
ing of a given word—among the scientists 
and science educators of a country. 

In resolving differences of interpretation 
of words in this general context, we must 
somehow invoke the techniques which have 





enabled us successfully to overcome many 
of our problems in the scientific and tech- 
nological domain. Although I remain un- 
convinced that there is such a thing as “the 
scientific method” it does seem clear that 
there are ways of solving problems which 
are scientific and others that are not. I 
am sure that research can help to obtain 
more information about what mankind 
should do in attempting to better his per- 
formance in passing along his cultural heri- 
tage from one generation to the next. 
“Research” must be interpreted very 
broadly, however, and the scope of what is 
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now being done in the name of educational 
research must be expanded several orders 
of magnitude. Not only must the amount 
of effort in this area be increased, the 
amount of support for such activity—dollar- 
wise and in terms of interest on the part of 
the academic community—must go up 
sharply. The degree to which the findings 
of such research will become generally ac- 
ceptable is dependent upon the quality of 
the work that is done. Some kinds of 
studies can be carried out with an adequate 
degree of significance by means of question- 
naires, opinion polls and similar devices. 
In my judgment, such devices have been 
used entirely too much. We need to find 
new and more effective ways of bringing to 
bear on our problems in science education 
the best thinking of the entire educational 
world. We must not be smug about our 
accomplishments in educational research to 
date, because there are many more things 
to be learned than have been learned. 
Neither should we adopt a defeatist attitude 
about the possibility of obtaining support 
for adequate studies in this area. This will 
be difficult, but it is by no means impossible. 

The National Science Foundation has 
been trying throughout its existence to help 
in the solution of science education prob- 
lems in a variety of ways. Through its 
teacher training institutes, the Foundation 
has already made a significant impact on 
the problem of upgrading the subject matter 
knowledge of in-service science and mathe- 
matics teachers. Significant experiments 
have been started in the area of course 
content improvement. In its fellowship 
programs, the Foundation has developed a 
mechanism for providing additional training 
to some of the country’s outstanding teach- 
ers, scientists, and scientists-to-be. Other 
programs of numerous kinds have been 
initiated by the Foundation on an experi- 
mental basis. 
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The people of the nation and their elected 
representatives in Congress are coming in- 
creasingly to realize the significance of the 
Foundation’s efforts in the improvement of 
science education. The Congress has been 
convinced of the importance of the expan- 
sion of these programs, and the amount of 
money made available to the Foundation 
for its work in the scientific personnel 
and education area, for the fiscal year which 
began July 1, 1958 was three times the 
amount the Foundation had during the 
preceding year for the support of activities 
in this area. 

It is the earnest hope of all of those 
associated with the National Science Foun- 
dation programs that the activities for which 
they are responsible can be made effective 
to the maximum degree possible in meeting 
the needs of the nation. New programs are 
constantly being suggested by various mem- 
bers of the scientific community, and some 
of these will probably be considered worthy 
of trial. The Foundation is always willing 
to give full consideration to new and fresh 
approaches to the problem of improving 
science education. In the future, as in the 
past, it is probable that the number of 
meritorious proposals received for con- 
sideration will greatly exceed the number 
that can be supported. Hence in suggesting 
that ideas—and even proposals—might be 
exposed to the National Science Foundation 
for consideration, I am reminded of the 
high school physics teachers who told me 
of his formula for encouraging girls to 
submit projects for the local science fair. 
Many of his students are reluctant to enter 
the science fair competition, he says, be- 
cause they are afraid they may not win. He 
tells such students : “Don’t enter unless you 
are prepared to lose. Don’t get married 
unless you are prepared to become a 
widow.” 
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INTRODUCTION 


YS peagetea to predict success in school on 
the basis of intelligence have been 
carried on for the past half-century or more. 
Paralleling the development of intelligence 
tests and scales during the past fifty years 
or more, has been the production of many 
standardized tests in all of the academic 
The 


Here, 


areas taught in the public schools. 
field of science is no exception. 

numerous standardized tests have been de- 
veloped to measure the objectives of science 
teaching, which in general have been stated 


as follows: (1) the acquisition of factual 


information in science, (2) the understand- 
ing of the “big ideas” or principles of 
science, (3) the understanding and use of 
the scientific method, and (4) the acqui- 


sition of scientific attitudes.‘ In this study 
it was decided to study the relationship 
between intelligence as measured by the 
Otis Quick Scoring Mental Ability Test * 


* Paper presented at Thirty-First Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 20, 1958. 

+ This article is based on the findings of the 
unpublished Master of Science in Education thesis 
completed by Marjorie Ruth Porter at the Uni- 
versity of Kansas in July 1957, under the direction 
of Dean Kenneth E. Anderson. The data for the 
study were obtained from the World Book Com- 
pany and constituted part of the data gathered 
during the standardization program for the 
Anderson Chemistry Test. 

t Assistant in the Statistics Laboratory, School 
of Education, University of Kansas, 1956-57. 

1 Kenneth E. Anderson. “The Relative Achieve- 
ments of the Objectives of Secondary School 
Science in a Representative Sampling of Fifty-six 
Minnesota Schools.” Unpublished doctoral dis- 


- 


sertation, University of Minnesota, 1949, p. 3. 
2 Otis Quick Scoring Mental Ability Test, Form 


and achievement in high school chemistry 
as measured by the Anderson Chemistry 
Test.* 

The Manual of Directions for the Ander- 
son Chemistry Test states that the test was 
designed to measure four objectives which 
parallel those of science instruction stated 
previously. The objectives or parts of the 
test are: (A) understanding of functional 
facts and concepts in chemistry, (B) under- 
standing and application of functional princi- 
ples of chemistry, (C) understanding and 
application of the elements of the scientific 
method together with its associated attitudes 
in chemical situations, and (D) ability to 
use the basic skills in chemistry. 


PURPOSES OF THE STUDY 


The specific purposes of the study were 


as follows: 


1. To compare the achievement in chemistry of 
three groups of students classified on the basis of 
their intelligence-test quotients into an upper one- 
fourth, a middle 50 per cent, and lower one-fourth. 

2. To determine the degree of relationship be- 
tween parts of the chemistry test and between 
intelligence and parts of the chemistry test. 

3. To determine the relative contribution of 
parts of the chemistry test to each of the parts 
and of intelligence to each of the parts of the 
chemistry test. 


SAMPLE 


The sample consisted of 152 students 
who participated in the standardization pro- 





Gamma. World Book Company, Yonkers-on- 
Hudson, New York, 1937. 

3 Anderson Chemistry Test, Forms AM and 
BM. World Book Company, Yonkers-on-Hudson, 


New York, 1951. 
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gram for the Anderson Chemistry Test. 
The answer sheets for both the intelligence 
and chemistry tests were obtained from the 
World Book Company. 
schools used in this study were located in 


The seven high 


Pennsylvania, Rhode Island, California, and 
Nebraska. 


as to the representativeness of the schools 


No claim is made at this point 


involved but they were a part of a nation- 
wide sample used in the standardization 
program. 


PROCEDURES AND RESULTS 


Normality of Test Data. 
pose of the study was to compare the 
achievement in chemistry of three groups of 
students the their 
intelligence-test quotients into an upper 
one-fourth, a middle 50 per cent, and a 
In order to obtain an 


The first pur- 


classified on basis of 


lower one-fourth. 
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answer to this particular problem, it was 
necessary to use the technique of analysis 
of variance. One of the assumptions under- 
lying the technique is that the groups to be 
compared are random samples from the 
same common normal population. There- 
fore, the distribution of test scores for the 
parts of the chemistry test and for the 
total test were tested for normality by the 
chi-square technique. Since intelligence 
quotients were used in some of the corre- 
lations, this distribution was also tested for 
Table I indicates the results of 
All of the chi- 
square values in Table I were such that it 
that 


normality. 


the application of the test. 


dis- 


the 


was reasonable to conclude the 


tributions were normal. However, 


statistics which appear in Table II were 
calculated to supplement the chi-square 


values obtained. 


TABLE I 
APPLICATION OF CHI-SQUARE TO THE Six DistrisuTIONS INDICATED 

Test d.f. Chi-Square P Hypothesis 
Chemistry 

Part A 11 13.26 .30>P> .20 Accept 
Chemistry 

Part B 11 8.11 .80>P> .70 Accept 
Chemistry 

Part C 10 13.97 .20>P> .10 Accept 
Chemistry 

Part D 11 18.23 .10>P> .05 Accept 
Chemistry 

Total 11 20.62 .05>P> .02 Accept 
Intelligence 11 10.88 .50>P>.30 Accept 

TABLE II 
MEASURES OF CENTRAL TENDENCY, VARIABILITY, SKEWNESS, AND KURTOSIS FOR THE 
DistrRIBUTIONS OF Test ScoRES FOR THE PARTS AND TOTAL OF THE CHEMISTRY 
TEST AND FOR THE INTELLIGENCE QUOTIENTS 

Test Mean Median S.D. Qs oF Poo Pro Sk Ku 
Chemistry 

Part A 23.78 23.63 6.01 28.17 19.39 32.12 15.34 075 .262 
Chemistry 3 

Part B 7.20 7.12 2.84 9.17 5.14 11.06 3.58 085 .270 
Chemistry 

Part C 8.13 7.91 2.50 10.00 6.37 11.43 5.22 .264 301 
Chemistry 

Part D 5.56 5.32 2.92 7.28 3.45 9.98 2.10 247 244 
Chemistry "s 

Total 44.63 43.28 11.70 52.07 35.83 61.02 30.57 .346 267 
Intelligence 112.79 113.09 10.21 119.50 105.35 126.02 100.57 -.029 .278 
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TABLE III 


ANALYSIS OF 


TEST 

Source of Sum of 
Variation c.f. Squares 
Part A 

Within 149 4828 .0394 

3etween 2 595.4803 

Total 151 5423 .5197 
Part B 

Within 149 1053.1053 

Between 2 170.9736 

Total 151 1224.0789 
Part C 

Within 149 737 .8553 

Between 2 213.5131 

Total 151 951.3684 
Part D 

Within 149 1107 .6052 

Between Z 191.8619 

Total 151 1299 .4671 
Total 

Within 149 16187 .9474 

Between 2 4285 .5263 

Total 151 20473 .4737 


Comparison of the Three Groups Classi- 
fied on the Basis of Intelligence Quotients. 
The sample of 152 students was divided 
into three groups as follows: (1) the upper 
one-fourth with 1.Q.’s from 119 to 137, 
(2) the middle 50 per cent with 1.Q.’s from 
106 to 119, and (3) the lower one-fourth 
with 1.0.’s from 86 to 106. 

These three groups were compared as to 
their achievement on the four parts of the 
chemistry test and on the total test. The 
technique of analysis of variance was used. 
Homogeneity of variances was tested for in 
each instance. All L’s were accepted at the 
5 per cent level. The results of the five sets 
of calculations are presented in Table III. 

The results in Table III indicate a sig- 
nificant difference among the means of the 
three groups for all parts and total. In 
order to locate the specific significant differ- 
ences, it was necessary to run three t tests 
for each part and the total. The usual 
probability levels of 1 in 100 or 5 in 100 
do not hold, since there are three compari- 
sons of two each. The probability levels 


should be 1 in 3 (100) or 3.3 in 1,000 and 


VARIANCE FOR PARTS OF THE CHEMISTRY 
AND THE ToTAL TEST 


Mean 
Square F Hypothesis 
32.403 
297 .740 9.19 Rejected 
7.068 
85.487 12.10 Rejected 
4.952 
106.756 21.56 Rejected 
7.434 
95.931 12.90 Rejected 
108 .644 
2142.763 19.72 Rejected 
5 in 3 (100) or 16.6 in 1,000. Therefore, 


a t value would have to have a probability 
value less than those quoted above to be 
significant. The t values and their prob- 
abilities appear in Table IV. 


TABLE IV 


t VALUES FOR THE PARTS OF THE CHEMISTRY 
TEST AND FOR THE TOTAL TEST 


Groups t Value Probability 
Part A 

I-II 2.16 .0308 P>.05 

I-III 2.38 0174 .06>P>.05 

II-III 1.57 .1164 P>.05 
Part B 

I-II 1.96 .1168 P>.05 

I-III 5.07 .0002 P<.01 

II-III 3.58 .0004 P<.01 
Part C 

I-II 3.24 .0012 P<.01 

I-III 6.96 .0002 P<.01 

II-III 4.20 .0002 P<.01 
Part D 

I-II 3.48 .0004 P<.O0l 

I-III 5.15 .0002 P<.01 

II-III 2.29 .0244 P>.05 
Total 

I-II 3.20 .0014 P<.01 
. [-III 4.04 .0002 P<.01 

II-III 6.41 .0002 P<.01 
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TABLE V 
MEANS FOR THE THREE GROUPS FOR THE PARTS OF 
THE TEST AND FOR THE ToTAL TEs? 
Group 

Upper Middle Lower 

(Groupl) (GroupII) (Group III) 

Test N = 38 N = 76 N= 38 
Part A 26.47 24.01 20.89 
Part B 8.47 7.39 5.53 
Part C 9.71 8.22 6.37 
Part D yf * Sat 4.18 
Total 51.97 45.00 36.97 


One may make the following statements 
on the Tables IV 
and V: 

1. There were no differences in chemistry 
achievement on Part A among the three 
intelligence-test The difference 
between Groups I and III approached 
significance at the 5 per cent level. 


basis of the results in 


groups. 


2. There was no difference in chemistry 
achievement on Part B between Groups | 
and II. There were significant differences 
between Groups I and III in favor of Group 
I, and between Groups II and III in favor 
of Group II. 

3. There were significant differences on 
Part C between Groups I and II, II and 
III, and I and III, in favor of Group I, 
Group II, and Group I, respectively. 

4. There was no significant difference on 
Part D between Groups II and III. There 
were significant differences between Groups 
I and II and Groups I and III in favor of 
Group I. 

Intercorrelations of Parts of the Chemis- 
try Test and of the Parts with Intelligence. 
Before obtaining the intercorrelations of 
parts of the test with each other and with 
intelligence, it was felt that the reliability 
of the parts of the chemistry test should be 
established. 
Hoyt’s method.* 

The results of the application of Hoyt’s 
method gave reliability coefficients of .81, 
51, .69, and .75 for Parts A, B, C, and D, 
The reliability of the total 


This was done by means of 


respectively. 


4Palmer O. Johnson, Statistical Methods in 
Research. Prentice-Hall, Inc., New York, 1949. 
pp. 134-136. 
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test was .89 by this method and it agrees 
well with the reliability coefficients cited in 
the Manual of Directions. Having estab 
lished the reliability of parts of the test, it 
was felt legitimate to compute the correla- 
tions between parts of the chemistry test 
and between intelligence and parts of the 


Table VI the 


various intercorrelations. 


chemistry test. indicates 
the 


Table VII indicates the significance of the 


values of 


differences among the various intercorrela- 
tions where there were N observations on 
the dependent variable. 

Relative Contribution of Parts of the 
Chemistry Test to Each Part and of Intel- 
ligence to Each Part of the Chemistry Test. 
Table VIII indicates the proportion of the 
variance mathematically accounted for in 
the various intercorrelations where there 
were N observations on the dependent vari- 
able. 

On the basis of the data in Tables VI, 
VII, and VIII, it was possible to make the 
following five summarizations : 

1. The coefficients of correlation between 
the measure of understanding of functional 
facts and concepts in chemistry and other 
measures of the test were: 

a. understanding and application of 
functional principles of chemistry 
b. understanding and application of the ele- 
ments of the scientific method together 
with its associated attitudes in chemical 


situations r 62 
c. ability to use the basic skills in 
chemistry pa 
TABLE VI 


INTERCORRELATIONS OF THE SEVERAL PARTS OF THE 
CHEMISTRY TEST AND OF THE PARTS WITH 
INTELLIGENCI 


Correlations Between N = 152 r 

Parts A and B (Chemistry) 65* 
Parts A and C (Chemistry) .62* 
Parts A and D (Chemistry) 44* 
Parts B and C (Chemistry) .54* 
Parts B and D (Chemistry) 38* 
Parts C and D (Chemistry) .41* 
Part A (Chemistry) and Otis .39* 
Part B (Chemistry) and Otis .41* 
Part C (Chemistry) and Otis .44* 
Part D (Chemistry) and Otis .40* 


* Significant at the 1 per cent level. 
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TABLE VII 


SIGNIFICANCE OF THE DIFFERENCES AMONG THE 
VarRI0US INTERCORRELATIONS WHERE T HERE 
WERE N OBSERVATIONS OF THE 
DEPENDENT VARIABLES * 


Higher Inter- 
correlation 


Listed First f F Probability 
(A-B) (A-C) 30 P>.05 
(A-C) (A-D) 7.13 P<.01 
(A-B) (A-D) 9.92 P<.01 
(B-A) (B-C) 4.34 .05>P>.01 
(B-C) (B-D) 4.77 .05>P<.01 
(B-A) (B-D) 17.12 P<.01 
(C-A) (C-B) 2.34 P>.05 
(C-B) (C-D) 3.08 P>.05 
(C-A) (C-D) 9.91 P<.01 
(D-A) (D-B) .97 P>.05 
(D-C) (D-B) 18 P>.05 
(D-A) (D-C) .23 P>.05 
(O-B) (O-A) ll P>.05 
(O-C) (O-A) .63 P>.05 
(O-D) (O-A) .02 P>.05 
(O-C) (O-B) 19 P>.05 
(O-C) (O-D) ar P>.05 
(O-B) (O-D) .02 P>.05 


* Hotelling’s Method: 


(ry: — ry)? (N—3) (1 + Ti2) 

2(1 — rig? — r?y1 — r?y2 + 2rwryirys) 
(Ni=1 and Nz = 149) 

(Number of cases in the sample = 152) 


+ A, B, C, and D refer to parts of the Chemistry 
Test and O refers to the intelligence test. 





P= 


The proportion of the variance mathe- 
matically accounted for indicated that the 
ability to understand functional facts and 
concepts in chemistry had been accompanied 
by the ability to: (1) understand and apply 
the functional principles of chemistry, (2) 
understand and apply the elements of the 
scientific method together with its associated 
attitudes in chemical situations, and (3) 
use the basic skills in chemistry, according 
to the relative weights of 2.2:2.01:1.0. The 
significance of the differences of the inter- 
correlations of Parts B, C, and D with Part 
A indicated that the ability to understand 
functional facts and concepts in chemistry 
had been accompanied to: 

a. a greater degree by the. ability to 
understand and apply the elements of the 
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TABLE VIII 


PROPORTION OF VARIANCE MATHEMATICALLY 
ACCOUNTED FOR IN THE VARIOUS INTERCOR- 
RELATIONS WHERE THERE ARE N OBSER- 
VATIONS ON THE DEPENDENT VARIABLE 

















Inter- Percentage 
correlations Squared or Weight 
(A-B) .4225 42.2 22 
(A-C) .3844 38.4 2.0 
(A-D) .1936 19.4 1.¢ 

1.0005 100.0 
(B-A) .4225 49.2 2. 
(B-C) .2916 34.0 2.0 
(B-D) .1444 16.8 & 
8585 100.0 
(C-A) .3844 45.5 Za 
(C-B) .2916 34.6 1.7 
(C-D) .1681 19.9 1.0 
.8441 100.0 
(D-A) .1936 38.3 1.3 
(D-B) .1444 28.5 1.0 
(D-C) .1681 33.2 1.2 
.5061 100.0 
(O-A) 1521 22.6 1.0 
(O-B) .1681 24.9 1.1 
(O-C) .1936 28.7 1.3 
(O-D) . 1600 23.8 1.1 
.6738 100.0 


scientific method together with its associated 
attitudes in chemical situations than by the 
ability to use the basic skills in chemistry. 
The F ratio was significant at the 1 per cent 
level. 

b. a greater degree by the ability to 
understand and apply the functional princi- 
ples of chemistry than by the ability to use 
the basic skills in chemistry. The F ratio 
was significant at the 1 per cent level. 

c. the same extent by the ability to under- 
stand and apply the elements of the scien- 
tific method together with its associated 
attitudes in chemical situations and the 
ability to understand and apply the func- 
tional principles of chemistry. The F ratio 
was not significant at the 5 per cent level. 

2. The coefficients of correlation between 
the measure of the ability to understand and 
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apply the functional principles of chemistry 
and other measures of the test were: 


a. understanding of functional facts and 


concepts in chemistry r= 6 
b. understanding and application of the 

elements of the scientific method to- 

gether with its associated attitudes in 

chemical situations r= .34 
c. ability to use the basic skills in 

chemistry fc .26 
The proportion of the variance mathe- 


matically accounted for indicated that the 
ability to understand and apply the func- 
tional principles of chemistry and had been 
accompanied by the ability to: (1) under- 
stand the functional facts and concepts in 
chemistry, (2) understand and apply the 
elements of the scientific method together 
with its chemical 
situations, and (3) use the basic skills in 


associated attitudes in 
chemistry, according to the relative weights 
of 2.9:2.0:1.0. 
differences of the intercorrelations of Parts 
A, C, and D with Part B indicated that the 
ability to understand and apply the func- 


The significance of the 


tional principles of chemistry had been ac- 
companied to a greater degree by the ability 
to: 

a. understand the and 
concepts in chemistry than by the ability to 
understand and apply the elements of the 


functional facts 


scientific method together with its associated 
The F ratio 
was significant at the 5 per cent level. 

b. understand and apply the elements of 
the scientific method together with its asso- 
ciated attitudes in chemical situations than 
by the ability to use the basic skills in 
chemistry. The F ratio was significant at 
the 5 per cent level. 

c. understand the 
concepts in chemistry than by the ability to 
use the basic skills in chemistry. The F 
ratio was significant at the 1 per cent level. 

3. The coefficients of correlation between 


attitudes in chemical situations. 


functional facts and 


the measure of the ability to understand 
and apply the elements of the scientific 
method together with its associated atti- 
tudes in chemical situations and other 


measures of the test were: 
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a. understanding of functional facts and 
concepts in chemistry ese 62 


b. understanding and application of func- 

tional principles of chemistry r= 54 
c. ability to use the basic skills in 

chemistry r= .4l 


The proportion of the variance mathemati- 
cally accounted for indicated that the ability 
to understand and apply .the elements of 
the scientific method together with its asso- 
ciated attitudes in chemical situations had 
(1) 
understand the functional facts and concepts 


been accompanied by the ability to: 


in chemistry, (2) understand and apply the 
functional principles of chemistry, and (3) 
ability to use the basic skills in chemistry, 
according to the relative weights of 2.3:1.7: 
1.0. 


tions of Parts 


The significance of the intercorrela- 
A, B, and D with Part C 
indicated that the ability to understand and 
apply the elements of the scientific method 
together with its associated attitudes in 
chemical situations had been accompanied 
to: 

a. the same extent by the ability to under- 
stand the functional facts and concepts in 
chemistry, the ability to understand and 
apply the functional principles of chemistry, 
and by the ability to use the basic skills in 
The F 


cant at the 5 per cent level. 


chemistry. ratios were not signifi- 


b. a greater degree by the ability to 
understand the functional facts and concepts 
in chemistry than by the ability to use the 
The F 


significant at the 5 per cent level. 


basic skills in chemistry. ratio was 

4. The coefficients of correlation between 
the measure of the ability to apply the basic 
skills in chemistry and other measures of 
the test were: 


a. understanding of functional facts and 


concepts in chemistry r= .44 
b. understanding and application of func- 
tional principles of chemistry r= .38 


c. understanding and application of the 
elements of the scientific method to- 
gether with its associated attitudes in 
chemical situations 


r= .4l 


The proportion of the variance mathe- 
matically accounted for indicated that the 
ability to use the basic skills in chemistry 
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had been accompanied by the ability to: (1) 
understand the functional facts and con- 
cepts in chemistry, (2) understand and 
apply the functional principles of chemistry, 
and (3) understand and apply the elements 
of the scientific method together with its 
associated attitudes in chemical situations, 
according to the relative weights of 1.3: 
1.0:1.2. The significance of the intercorre- 
lations of Parts A, B, and C with Part D 
indicated that the ability to use the basic 
skills in chemistry had been accompanied 
to the same extent by the ability to under- 
stand the functional facts and concepts in 
chemistry, by the ability to understand and 
apply the functional principles of chemistry, 
and by the ability to understand and apply 
the elements of the scientific method to- 
gether with its associated attitudes in chemi- 
cal situations. The F ratios were not 
significant at the 5 per cent level. 

5. The coefficients of correlation between 
the measure of intellectual ability and other 
measures of the test were: 


a. understanding of functional facts and 


concepts in chemistry r= a 
b. understanding and application of func- 
tional principles of chemistry r= .41 


if) 


. understanding and application of the 
elements of the scientific method to- 
gether with its associated attitudes in 


chemical situations r= .44 
d. ability to use the basic skills in 
chemistry r= 


The proportion of the variance mathemati- 
cally accounted for indicated that intellectual 
ability as measured by the Otis test had been 
accompanied by the ability to: (1) under- 
stand the functional facts and concepts in 
chemistry, (2) understand and apply the 
functional principles of chemistry, (3) 
understand and apply the elements of the 
scientific method together with its associated 
attitudes in chemical situations, and (4) 
ability to use the basic skills in chemistry 
according to the relative weights of 1.0:1.1: 
1.3:1.1. The significance of the differences 
of the intercorrelations of the Otis measure 
of intelligence with Parts A, B, C, and D 
indicated that intellectual ability had been 
accompanied to the same extent by the 
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ability to understand the functional facts in 
chemistry, by the ability to understand and 
apply the functional principles of chemistry, 
by the ability to understand and apply the 
elements of the scientific method together 
with its associated attitudes in chemical 
situations, and by the ability to use the basic 
skills in chemistry. The F ratios were not 
significant at the 5 per cent level. 


SUMMARY 

The application of the analysis of variance 
to the three intelligence groups revealed 
significant differences among the means of 
the three groups as to achievement on Parts 
A, B, C, D, and total of the chemistry test. 
Subsequent t tests revealed that the top 
intellectual group was not always superior 
to the two lower groups and that the middle 
group was not always superior to the lower 
group in achievement in chemistry. This 
perfect relationship held in only two in- 
stances, namely: (1) in the ability to under- 
stand and apply the elements of the scientific 
method together with its associated attitudes 
in chemical situations, and (2) in the ability 
in chemistry as measured by the total test. 
The ability to understand and apply the 
elements of the scientific method together 
with its associated attitudes in chemical 
situations is perhaps most closely related 
to intelligence per se than any of the other 
parts of the chemistry test. 

The intercorrelations of parts of the test 
with each other were all significant but not 
extremely high. The coefficients ranged 
from .38 to .65. The highest correlation 
was between the parts of the test designed to 
measure: (1) understanding of functional 
facts and concepts in chemistry, and (2) 
understanding and application of functional 
principles of chemistry. The lowest corre- 
lation was between the parts designed to 
measure: (1) understanding and appli- 
cation of functional principles of chemistry, 
and (2) ability to use the basic skills in 
chemistry. 


Using these correlations, it was possible 
to compute the variance mathematically ac- 
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counted for in each of the abilities in terms 
of the other three. This resulted in a system 
of relative weights. It was apparent that 
the ability to use the basic skills in chemistry 
accompanied each of the other three abili- 
ties to the least degree and that it was ac- 
companied to the least degree by the ability 
to understand and apply the functional 
principles of chemistry. It was also appar- 
ent that the understanding of functional facts 
and concepts accompanied the other three 
abilities to the most degree and that it was 
accompanied to the most degree by the 
understanding and application of functional 
principles of chemistry. The ability to 
understand and apply the elements of 
scientific method together with its associated 
attitudes accompanied the other abilities to 
a middle degree and it was accompanied 
to the most and least degree by: (1) under- 
standing of functional facts and concepts in 
chemistry, and (2) ability to use the basic 
skills in chemistry. 

The correlations of intelligence with parts 
of the chemistry test ranged from .39 to .44. 
The highest correlation was between intelli- 
gence and the ability to understand and 
apply the elements of the scientific method 
together with its associated attitudes in 
chemical situations. However, this corre- 
lation was not significantly higher than the 
other correlations of intelligence with other 
parts of the test. This finding substantiates 
in part the finding of Anderson in a previ- 
ous study.5 

The intercorrelations of intelligence with 
parts of the chemistry test were nearly all 
alike so that this ability was accompanied 
by the four abilities as measured by the 
chemistry test according to the relative 
weights of 1.0:1.1:1.3:1.1. These abilities 


5 Kenneth E. Anderson, of. cit. 


RELATIONSHIP OF SPECIFIED ABILITIES 19 


were in order: (1) understanding of fune- 
tional facts and concepts in chemistry, (2) 
understanding and application of functional 
principles of chemistry, (3) understanding 
and application of the elements of the scien- 
tific method together with its associated 
attitudes in chemical situations, and (4) 
ability to use the basic skills in chemistry. 
This finding is not too much at variance with 
that of Anderson’s where intellectual ability 
as measured by the Otis test was accom- 
panied by the ability as measured by the 
parts of his test according to the relative 
weights of 1.3:1.0:1.5:0.0. The parts of 
his chemistry test in his study were: (1) 
ability to acquire factual information in 
chemistry, (2) ability to understand and 
apply scientific principles, (3) ability to 
understand and apply the scientific method, 
and (4) ability to acquire scientific 
attitudes.® 

It was apparent that the intellectually 
superior students achieved more in terms of 
the total chemistry test than the average or 
lower groups, and that the average group 
achieved more than the lower group. How- 
ever, this hierarchy did not exist to the same 
degree when the total achievement and 
ability in chemistry was broken down into 
specific abilities or parts, except for the 
ability to understand and apply the ele- 
ments of the scientific method together 
with its associated attitudes. 

It was apparent from the findings of this 
study that the specific abilities in chemistry 
as measured were not perfectly related to 
each other or to intelligence as measured. 

Apparently other factors in addition to 
intelligence were in operation to produce 
the results found in this study. 


6 Kenneth E. Anderson, of. cit. 








EVALUATION OF OBJECTIVES OF SCIENCE TEACHING * 


CLARENCE H. NELSON 


Michigan State University, East Lansing, Michigan 


HAT is new in the area of evaluation in 
W science—especially in relation to meas- 
uring the outcome of science teaching? 
The published literature indicates com- 
paratively little new ground has _ been 
broken in recent years in respect to im- 
proved test item construction or in the 
building of tests to do a more adequate 
job of measuring the outcomes of teach- 
ing. At the same time, however, the 
journal literature seems to reflect mounting 
concern as to how we can better implement 
and evaluate the attainment of those objec- 
tives of science teaching which we have 
for years been proclaiming to be important. 
For example, the major portion of the Feb- 
ruary, 1956 issue of The Science Teacher 
consisted of papers on scientific thinking, 
critical thinking, and problem solving, and 
the annual N.S.T.A. conference, held in 
March, 1956 came to grips with the whole 
issue of how to teach science from this 
critical thinking—problem solving approach. 

Science occupies a unique position among 
the academic disciplines in that it affords 
methods for the independent solution of 
problems, for the creation of new knowl- 
edge, for making new discoveries, for inte- 
grating the new with the old within the 
framework of ingeniously developed concep- 
Obtaining valid evidence 


tual schemes. 


from controlled experimentation which 


serves as a basis for accepting or rejecting 
hypotheses in relation to a problem is a 
procedure that is characteristic of science 
alone among the traditional disciplines. 
From the standpoint of science teaching, 


therefore, how an idea or concept came into 


* Paper presented at Twenty-Ninth Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, April 21, 1956. 


being should be of as much concern to us 
and our students as the idea or concept it- 
self, for this can serve, in turn, as the 
stimulus to the generation of other ideas or 
concepts. According to Conant, science is 
successful to the degree that in the course 
of solving immediate problems, new prob- 
lems suggest themselves, demanding new 
solutions. If the prevailing atmosphere of 
the classroom is one of inquiry and investi- 
gation, with emphasis on the how and the 
why rather than primarily on the memori- 
zation and recitation of laws and principles 
from the textbook, the students are then 
encouraged to develop resourcefulness in 
the solution of new and unique problems 
which they encounter beyond the confines 
of the schoolroom and in later life after 
their formal schooling is over. 

The objectives of science teaching should 
logically emanate from our operational 
definition of science. If 
primarily organized knowledge, then the 
learning of facts, concepts, and principles 
would be the major activity with which 
science teachers and students ought to be 
concerned. If science involves the acqui- 
sition of intellectual abilities and skills, then 
teaching and learning situations conducive 
to the attainment of such abilities and skills 
ought to constitute a major aspect of science 
If acquisition of scientific atti- 


science means 


teaching. 
tudes, appreciations, and interests are to 
be the goal of science teaching, then class- 
room, laboratory, field and library activities 
that are likely to result in the attainment 
of these objectives should be deliberately 
planned with these outcomes clearly in 
mind. 

The committee that prepared the Forty- 
sixth Yearbook on Science Teaching has 
listed objectives of science teaching, pri- 
marily for the elementary and secondary 
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levels, which logically group themselves into 
three categories as follows: 
MAJOR OBJECTIVES OF SCIENCE 
TEACHING 
(From the Forty-sixth Yearbook) 

I, Knowledge: A. Providing opportunities for 
growth in the functional understanding of facts; 
B. Providing for development of functional con- 
cepts; C. Providing for growth in the functional 
understanding of principles. 

II. Intellectual Abilities and Skills: D. Provid- 
ing opportunity for growth in basic instrumental 
skills; E. Providing opportunity for growth of 
skill in the use of elements of scientific method. 

III. Affective Domain: F, Providing for growth 
in the development of scientific attitudes; G. Pro- 
viding for growth in the development of apprecia- 
tions ; H. Providing for growth in the development 
of interests. 


The teacher who takes the class methodi- 
cally through a single textbook, completely 
oblivious to any goals other than getting 
the subject matter material in the text- 
book covered, is not likely to get the stu- 
dents very far beyond objective A of the 
above list. If examinations are any indi- 
cation, the tendency of most high school 
and college science teaching is to devote an 
undue amount of time to the acquisition of 
knowledge of facts as an end in itself. The 
laboratory work too often follows the lecture 
or discussion. This affords the student 
little opportunity to make discoveries for 
himself. In order to facilitate the attain- 
ment of the second category of objectives 
intellectual abilities and skills—would it 





not be more desirable to introduce the 
students to new aspects of the work in the 
laboratory before all the prescribed answers 
have been given in the lecture or discussion 
period? Whether expounding factual in- 
formation, even in the lecture or discussion 
period, as an appropriate activity for a 
science course is questionable. Should not 
science teaching consist primarily of using 
scientific methodology to show how scientific 
knowledge—including the factual knowl- 
edge that appears in the texthook—is 
obtained ? 

Those who teach science courses at the 


college and university level have perhaps 
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been even less objectives-conscious than 
their secondary and elementary school 
counterparts. This seeming apathy has no 
doubt been due in part, at least to the 
chaotic and confused status of higher edu- 
cation objectives. A committee of uni- 
versity and college examiners has in recent 
years undertaken to bring some order out 
of the prevailing chaos by organizing and 
classifying various objectives under care- 
fully conceived headings in the hierarchy 
listed in the following taxonomy : 


TAXONOMY OF EDUCATIONAL 
OBJECTIVES 
by 
A Committee of University and College Examiners 
Benjamin S. Bloom, Editor 
Max D. Engelhart Walker H. Hill 
Edward J. Furst David R. Krathwohl 
Pub. by Longmans, Green & Co., New York 


CoGNnitivE DoMAIN 


1.00 Knowledge. 
1.10 Knowledge of specifics. 
1.11 Knowledge of terminology. 
1.12 Knowledge of specific facts. 
1.20 Knowledge of ways and means of deal- 
ing with specifics. 
1.21 Knowledge of conventions. 
1.22 Knowledge of trends and sequences 
.23 Knowledge of classifications and cate- 
gories. 
.24 Knowledge of criteria. 
.25 Knowledge of methodology. 


_ 


1 
1 
1.30 Knowledge of the universals and abstrac- 
tions in a field. 
1.31 Knowledge of principles and generali- 
zations. 
1.32 Knowledge of theories and structures. 


INTELLECTUAL ABILITIES AND SKILLS 


to 


.00 Comprehension—ability to make use of ma- 
terials or ideas. 

2.10 Translation. 

2.20 Interpretation. 


2.30 Extrapolation. 


w 


.00 Application—The use of the abstractions in 
particular and concrete situations. 


+. 


.00 Analysis—Making clear the relative hier- 
archy of ideas in a communication. 

4.10 Analysis of elements. 

4.20 Analysis of relationships. 

4.30 Analysis of organizational principles. 


un 


.00 Synthesis—The putting together of elements 
and parts so as to form a whole. 

5.10 Production of a unique communication. 

5.20 Production of a plan, or proposed set of 
operations. 
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5.30 Derivation of a set of abstract relations. 


6.00 Evaluation. 
6.10 Judgments in terms of internal evidence 
6.20 Judgments in terms of external criteria. 


The above outline is the summary of a 192- 
page volume which contains extensive dis- 
cussions as to the meaning of each objective 
and its sub-headings. In addition to the 
explanatory material, test items are in- 
cluded which illustrate how the attainment 
of each objective could be measured. 

The following two-axis chart of specifi- 
cations for a Natural Science Examination 
lists the major objectives on the horizontal 
axis (across the top) and the subject-matter 
content topics on the vertical axis at the 
left. Each number in the columns under the 
objectives is the number of an item in this 


Stage A 
Stamen 
ID. 
mother cell 
@©@ 

Stage B Microspores 
Stage C Pollen grain -(Pollen 
Stage D Sperm nucleus 
Stage E 
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examination which embodies the objective 
listed above it as well as the subject-matter 
topic listed to its left. Thus each item in 
the examination is keyed to a specific ob- 
jective as well as to a specific topic of 
course content. 

While limitation of space forbids reprint- 
ing the entire examination, one set of items 
to illustrate each objective is presented here- 
with as follows: 

1.00 Knowledge of terminology, facts, conventions, 
trends, sequences, categories, etc. 
Items 36-40 involve a comparison of mitosis 
and meiosis. For each item select from the 
Key the most appropriate response. 
Key: 1. Meiosis. 
2. Mitosis. 
3. Both mitosis and meiosis. 
4, Neither mitosis nor meiosis. 


Seed 


Adult Plant 


Pistil 


o 


Megaspore 
mother cell 


g 


Megaspores 


Embryo sac 


tube ) 


Egg nucleus 


Zygote 


Note: Black dots represent nuclei. 


The above diagram represents the life history of corn, a 
plant in which the diploid number of chromosomes is 20. 
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36. A sperm and an egg unite by ......... 
37. The nuclear membrane disappears in..... 
38. Haploid cells are formed by ......... 
39. Diploid cells are formed by ......... 
40. The zygote undergoes ......... 


2.00 Comprehension—Translation, Interpretation, 


Extrapolation. 


Items 48-52 are concerned with the life cycle 
of a typical plant (corn). Study the diagram 
carefully before you begin to answer these 
items. 


48. Meiosis takes place between Stages. 
1. A and B. 2. B and C. 3 C and D. 
4.C and E. 5. D and E. 


49. If the polar or endosperm nuclei of Stage 
C fuse, how many chromosomes will there 
be altogether within the embryo sac? 
1.160 2.90 3.80 4.40 5. 20 


w 


. The total number of chromosomes in all 
the microspores and all the megaspores 
shown in Stage B—all added together— 
would be 


1.10 2.20 3.30 4.40 5. 80 


un 
— 


. How many chromosomes are there alto- 
gether in all the nuclei shown in the pollen 
grain plus all the nuclei shown in the 
embryo sac in Stage C? 

1.220 2.110 3.40 4.30 5. 20 


un 
bo 


. The number of chromosomes in the nu- 
cleus of the microspore mother cell plus 
the number of chromosomes in the nucleus 
of the megaspore mother cell will total 
1.10 2.20 3.30 4.40 5. 80 


+ s+ oe Oe 2 OD 


3.00 Application. 


Items 91-94 are based on the following situa- 

tions which involves the inheritance of bald- 

ness, a sex-influenced trait. 
A young female circus acrobat who hangs 
by her hair as part of her act is wondering 
whether she should change her profession, 
if necessary, before it becomes too late. Her 
problem is this: Her mother is bald, but her 
father has a normal head of hair. Her 
older brother is rapidly losing his hair and 
will soon be bald. 
Let B represent the gene for baldness and 
b the gene for non-baldness. In the hetero- 
zygous condition B is dominant in males, 
but b is dominant in females. A heterozyg- 
ous man will be bald, but a heterozygous 
woman will not be bald. 


91. Which of the following matings represents 
the parents of the young female circus 
acrobat ? 

1. BbXX x BbXY. 
2. bbXX x BBXY. 
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3. BbXX x bbXY. 
4. BBXX x bbXY. 
5. BBXX x BbXY. 


92. The genotype of the young female circus 
acrobat is represented by 
1. BbXY. 
2. BBXY. 
3. bbXX. 
4. BBXX. 
5. BbXX. 


93. The genotype of the older brother of the 
young female circus acrobat is represented 
by 
1. BbXY. 

2. bbXY. 

3. BbXX. 

4. BBXY. 

5. BBXX. 

94. On the basis of the data, which of the 
following suggestions to the young female 
circus acrobat would be most justifiable? 
1. You need not change your profession— 

according to the genetic evidence there 
is no likelihood at all that you will 
become bald. 

2. The chances are 1 in 4 that you wil! 

become bald. 

3. The chances are 3 in 4 that you will 

become bald. 

4. There is a 50 per cent chance that you 

will become bald. 

5. Change your profession—according to 
the genetic evidence you are almost 

certain to become bald. 


4.00 Analysis. 


Items 20-27 are based upon the following 
passage which describes some of Pasteur’s 
later experimental work on _ spontaneous 
generation. 


After some preliminary experimentation 
Pasteur developed a refinement in his 
method which was designed to meet various 
objectives raised by his critics. This time 
he boiled the sugared yeast water in a 
swanneck flash like flask A below. 


Flask A Flask B 


Pasteur’s swan-neck flask (A) and open- 
top flask (B). The sugared yeast water 
in both flasks was boiled, then allowed to 
cool and stand for several weeks. Air could 
enter flask A via the long bent tube. The 
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contents of flask B were exposed to the air 
through its open top. A dense clouding 
soon appeared in flask B, but none developed 
in flask A. 

Pasteur allowed the contents of flask A to 
cool very slowly. This time the end of the 
stem was not sealed. Any air entering the 
swan-neck was believed to have lost its load 
of dust, microorganisms, and other suspended 
debris when it began ascending the long 
uphill part of the swan-neck. In all likeli- 
hood only air free of microorganisms came 
into contact with the sugared yeast water in- 
side the swan-neck flask. No clouding ap- 
peared in flask A, even after months of stand- 
ing. 

Pasteur believed that any microorganisms 

borne by the air entering the swan-neck tube 

may have lodged in the lowermost curve near 
the entrance of the tube. To find out if this 
were indeed true, he tilted the flask in such 

a way as to allow some of the fluid within 

the flask to run down into the portion of the 

curve designated by “X” in the sketch. When 
this fluid was subsequently drained back into 
the flask and the flask had been incubated for 

a week longer, clouding of the formerly clear 

liquid in the flask gradually occurred. 

For items 20-24 select from the Key the most 

appropriate category. 

Key: 1. Generalization. 
2. Experimental observation. 
3. Deduction. 
4. Analogy. 
5. None of the above. 

20. The liquid in flask A remained clear even 
after months of standing. 

21. Whenever sugared yeast water is kept 
sterile it remains clear but whenever 
microorganism-laden air comes into con- 
tact with sugared yeast water, the liquid 
becomes clouded. 

22. Since clouding occurred in flask A after 
fluid had been drained back into the flask 
from point “X” of the swan-neck tube, 
microorganisms must have been present 
in the tube in the vicinity of point “X.” 

23. Since the liquid in flask A showed no 
growth of microorganisms, the air which 
entered the body of the flask must have 
been sterile. 

24. Since the liquid in flask A remained clear, 
it contained no growth of microorganisms. 

* * * *k *k kK kK x 


Pasteur allowed the contents of flask A 

to cool very slowly in order to 

1. give himself time to make observations 
while the contents of the flask were 
cooling. 

2. prevent the flask from cracking and 
spilling its contents. 

3. avoid the danger of an explosion inside 
the flask. 
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4. prevent an inrush of air and micro- 
organisms. 

5. avoid shock to the microorganisms by 
sudden temperature change. 

26. No critic could rightfully say of Pasteur’s 
swan-neck flask experiment that 
1. Pasteur deserved the prize offered by 

the French Academy. 

. air entering the flask had been deprived 
of its vegetative force or vital spirit 
by heating or treatment with harsh 
acids. 

3. microorganisms would have appeared 
had he used mutton broth instead of 
sugared yeast water as culture medium. 

4. Pasteur’s success was due in part to a 

fortunate choice of culture medium. 
the question of spontaneous generation 

of microorganisms was any nearer 
settlement now than it had been prior 
to Pasteur’s experimentation, 


2 
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27. By this experiment Pasteur 
1. obtained conclusive evidence that sterile 
sugared yeast water in contact with 
germ-free air does not engender micro- 
organisms. 

. proved that spontaneous generation has 

never occurred on the earth. 

3. proved that microorganisms arise by 
spontaneous generation in a culture 
medium if the experimenter is careless 
but they do not arise if he is careful. 

4. demonstrated that no culture medium, 
if it has been boiled, wil! become con- 
taminated with microorganisms even if 
germ-free air comes into contact with 
the fluid inside the flask. 

5. went down to defeat from which he 
never recovered. 


tN 


Those who are acquainted with objective 
testing only in its worst manifestations 
vociferously maintain that (1) objective 
tests can measure only the attainment of 
minute, disjointed factual information, and 
(2) the only means by which one can 
measure the student’s understanding of a 
somewhat extended and involved concept, 
theory, or principle is to give the student 
an essay test; it is impossible to measure 
understanding of an organized sequence of 
ideas by using objective tests items. The 
following set of 21 objective test items 
pursue one major idea, disposing first of 
prevailing misconceptions, then presenting 
hypotheses which evidence tends to support 
until a chain of proof has been established. 
The student must work through the items 


and accept or reject each of the four 
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hypotheses in turn, then select the best 
single conclusion that can be drawn from 
the data. (Answers are indicated in paren- 
theses following each item.) 


Problem: What role do the sex chromosomes 
play is determining sex in Drosophila? 

Hypothesis I. Maleness in Drosophila can be 
attributed to the presence of Y chromosome in 
the genotype. 

Data: Occasionally, during gamete formation in 
the female, the two X chromosomes do not sepa- 
rate. Instead, both go to a single gamete, and 
the corresponding gamete receives no X chromo- 
some. In such cases the mating with a normal 
male would be as follows: 
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The results of such a mating show 50 per cent 
males and 50 per cent females, but the number 
of offspring is only one-half the usual number 
cbtained. A cytological examination of the 
chromosomes showed that there were only XXY 
and X— individuals among the offspring. For 
reasons as yet unknown, XXX individuals and 
Y— individuals died before birth; these combi- 
nations are apparently lethal. Among the off- 
spring that survived, however, females were XXY 
and males were X—. 


For items 80-85 mark space 

1-if the item is true according to the data and 
tends to support Hypothesis I; 

2-if the item is true according to the data but 
tends to refute Hypothesis I; 

3-if the item is false according to the data, but 
if true, would tend to support Hypothesis I; 

+-if the item is false according to the data, but 
if true, would tend to refute Hypothesis I; 

5-if the item is irrelevant to Hypothesis I, re- 
gardless of its truth or falsity according to 
the data. 


Suggestion: It will be easier if you decide first 
whether each statement is true or false according 
to the data. 

80. The presence of a Y chromosome in the geno- 
type inevitably produces a male individual. (3) 

81. An individual that inherits a Y chromosome 
cannot be a female.(3) 

82. The presence of a lone Y chromosome in the 
genotype is lethal.(2) 

83. An individual that lacks 
cannot be a male.(3) 

84. The presence of three X chromosomes in the 
geneotype is lethal.(5) 
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85. What is the status of Hypothesis I at this 
point? 
1. It is established as true beyond doubt. 

2. It is probably true—the evidence tends to 
support it. 

3. It is probably false—the evidence tends to 
refute it. 

4. It is definitely false without any doubt. 

5. It remains as much unsettled as at the 
outset. (3) 


Hypothesis II: Maleness in Drosophila can be 
attributed to the presence of one X chromosome 
and the lack of a second X chromosome in the 
geneotype. 

For items 86-88 mark space 

1-if the item is true according to the data and 
tends to support Hypothesis II; 

2-if the item is true according to the data but 
tends to refute Hypothesis II; 

3-if the item is false according to the data, but 
if true, would tend to support Hypothesis II; 

4-if the item is false according to the data, but 
if true, would tend to refute Hypothesis II; 

5-if the item is irrelevant to Hypothesis II, re- 
gardless of its truth or falsity according to 
the data. 


86. An individual with a lone X chromosome in 
its genotype is a male.(1) 

87. The presence of three X chromosomes in the 
genotype is lethal.(5) 

88. An individual with two X chromosomes and 
one Y chromosome in its genotype is not a 
male. (1) 

* ok > ok a cs ok 

89. What is the status of Hypothesis II at this 

point? 

1. It is established as true beyond doubt. 

2. It is probably true—the evidence tends to 
support it. 








3. It is probably false—the evidence tends to 
refute it. 

4. It is definitely false without any doubt. 

5. It remains as much unsettled as at the 


outset. (2) 


Hypothesis III: Femality in Drosophila can be 
attributed to the absence of a Y chromosome in 
the genotype. 

For items 90-93 mark space 

1-if the item is true according to the data and 
tends to support Hypothesis III; 

2-if the item is true according to the data but 
tends to refute Hypothesis III; 

3-if the item is false according to the data, but 
if true, would tend to support Hypothesis III; 

4-if the item is false according to the data, but 
if true, would tend to refute Hypothesis III; 

5-if the item is irrelevant to Hypothesis III, 
regardless of its truth or falsity according to 
the data. 


90. An individual with two X chromosomes and 
one Y chromosome in its genotype is a fe- 
male. (2) 
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91. An individual with a lone X chromosome in 
its genotype is not a female.(2) 
92. The presence of three X chromosomes in the 
genotype is lethal.(5) 
93. The presence of a lone Y chromosome in the 
genotype is lethal.(5) 
94. What is the status of Hypothesis III at this 
point? 
1. It is established as true beyond doubt. 
2. It is probably true—the evidence tends to 
support it. 
3. It is probably false—the evidence tends to 
refute it. 
It is definitely false without any doubt. 
It remains as much unsettled as at the 
outset. (3) 





ne 


Hypothesis IV: Femality in Drosophila can be 
attributed to the presence of two X chromosomes 
in the genotype. 


For items 95-98 mark space 

1-if the item is true according to the data and 
tends to support Hypothesis IV; 

2-if the item is true according to the data but 
tends to refute Hypothesis IV ; 

3-if the item is false according to the data, but 
if true, would tend to support Hypothesis IV ; 

4-if the item is false according to the data, but 
if true, would tend to refute Hypothesis IV ; 

5-if the item is irrelevant to Hypothesis IV, re- 
gardless of its truth or falsity according to 
the data. 


95. An individual with two X chromosomes and 
one Y chromosome in its genotype is a fe- 
male. (1) 

96. The presence of three X chromosomes in the 
genotype is lethal.(5) 

97. An individual with a lone X chromosome in 
its genotype is not a female.(1) 

98. The presence of a lcne Y chromosome in the 
genotype is lethal.(5) 

* * * k k kK KX 
99. What is the status of Hypothesis IV at this 
point? 
1. It is established as true beyond doubt. 
2. It is probably true—the evidence tends to 
to support it. 
3. It is probably false—the evidence tends to 
refute it. 

It is definitely false without any doubt. 

It remains as much unsettled as at the 

outset. (2) 


one 


100. On the basis of the foregoing data and its 
analysis in the preceding 20 items, which one 
of the following is the best single conclusion 
that can be drawn? 


1. Maleness is due to the presence of a Y 
chromosome in the genotype and female- 
ness is due to its absence. 

2. No individual that bears a Y chromosome 
in its genotype can be a female and no indi- 
vidual lacking a Y chromosome can be a 
male. 
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3. An individual with more than two X 
chromosomes is a super female and an 


individual with two X chromosomes and 
one Y chromosome is a super male. 

4. Femaleness in Drosophila is due to the 
presence of a second X chromosome in 
the genotype, and maleness is due to its 
absence. 

5. None of the 
data. (4) 


above conclusions fit the 


In evaluating the outcomes of science 
teaching we have not begun to exhaust the 
potentialities of the measuring devices that 
we have known about for years. Testing in 
many quarters persists at the most primitive 
and slip-shod levels. To raise the level of 
testing and evaluation would require a re- 
study of objectives and teaching methods 
in an attempt to implement the objectives 
in the teaching. This is largely a matter 
of establishing an atmosphere in the class- 
room that is appropriate to science teaching 


—an atmosphere in which inquiry, explora- 


tion and discovery are encouraged. With 
adequate planning well in advance of exami- 
nation time, the teacher who can create 


the appropriate teaching situation should 
also be imaginative enough to be able to 
develop adequate measuring devices. If the 


semester examination were planned and 


begun the first week of school and an 
average of two questions per day were to 
be written while the material is fresh in 
mind, by the end of the semester it should 
be possible to have a creditable final exami- 
nation ready for use. An excellent refer- 
ence for aid in test construction is the book 
entitled Educational Measurement, edited 
by E. F. Lindquist and published by Ameri- 
can Council on Education, 
i * 
Chapter 7 which is entitled, “Writing the 


Test 


Washington, 

Attention is especially called to 
Item.” Recent extensive bibliogra- 
phies on educational and psychological test- 
ing may be found in Review of Educational 
Research, Vol. 26(1), Feb. 1956. With 
these aids any resourceful teacher should be 
able to develop achievement tests that will 
adequately evaluate the degree of attainment 
of the objectives of science teaching. 





SCIENCE FICTION AS A FACTOR IN SCIENCE 
EDUCATION * 


ELIzABETH H. Gross 


Western Reserve University, Cleveland, Ohio 


AND 


Joun H. Woopsurn 


Johns Hopkins University, Baltimore, Maryland 


I ATE in 1956, one of the authors of this 
basic themes 
stories for 


paper examined the 


around which science fiction 


children seem to be written. The comple- 
tion of her survey was followed closely by 
Arthur S. 
scientists read science fiction." 
work 
ciently related to raise the question—does 


sarron’s interpretation of why 
Miss Gross’ 
and Barron’s analysis were suffi- 
the reading of science fiction stories in- 
fluence boys and girls to continue their 
interests in science? 

Barron insists that scientists and tech- 
nicians comprise “a near majority of the 
regular science fiction audience. What is 
more, it forms a very active segment of that 
audience. More than any other category 
of readers, scientists and technicians tend 
to join science fiction book clubs and sub- 
scribe to the better science fiction maga- 
zines.” 

Furthermore, “it would seem that the 
scientist reads science fiction because of 
the close identification with his own work 
and problems which it provides.” He cites 
stories which glamorize the scientist, ex- 
press his protest against the use of his 
knowledge for anti-human ends, and re- 
affirm the basic humanistic values of the 
scientist’s creed. The citations are well- 
documented and should be studied in detail. 
Barron provides an indirect albeit most re- 

* Paper presented at the Thirty-First Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 20, 1958. 

1 Arthur S. Barron, “Why Do Scientists Read 
Science Fiction?” Bulletin of the Atomic Scien- 
tists, February, 1957. 
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vealing summary to his interpretation of 
why scientists read science fiction. It fol- 
lows: 

Were society or scientists themselves to change, 
though, science fiction would probably lose much 
of its popularity. Thus, if a real peace should 
come, there would be little need to protest against 
the use of scientific knowledge for the destruction 
of Man, nor against the subordination of science 
to the military or to government. If scientists 
were given real status in the community, the funds 
and encouragement to pursue research freely, there 
would be less need to seek glamorization in fiction. 
If the scientist would take a greater interest in 
public affairs, in influencing policy, if he would 
protest more openly against unnecessary secrecy 
or control wherever it exists, he would find science 
fiction less interesting, less satisfying. 

Nearly every major science principle 
found its way into the theme of one or more 
of the children’s science fiction stories which 
appeared between 1946 and 1956. Libraries 
report these stories to be very popular. 
Science fiction stories which are written 
expressly for children also reflect subtle 
forces potentially powerfully capable of in- 
fluencing children’s attitudes. 

One of the first books for children on 
space flight was written by John Cross and 
published under the title The Angry Planet 
in 1946. 
tians as spore and plant-like creatures who 
possess the power of mental telepathy is 
sheer fantasy, but he makes the point that 
these “people” are the survivors of a highly 


The author’s conception of Mar- 


intelligent and civilized people. 

Ellen McGregor’s Miss Pickerell Goes 
to Mars appeared in 1951 and gained im- 
Elderly, salty Miss 
Pickerell finds an unknown object in her 
pasture. 


mediate popularity. 


Before she realizes what is hap- 
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pening, she is bound for Mars in a rocket 
ship. Miss McGregor’s readers find Miss 
Pickerell equal to the emergency. She 
takes the voyage in stride, rescues one of 
the scientists when his oxygen supply runs 
low, and returns to earth with some unusual 
rock specimens to add to her collection. 
Sequels to Miss Pickerell Goes to Mars 
portray the perky old lady discovering un- 
suspected sources of uranium, exploring the 
vast possibilities of deep sea diving, and 
various other ventures combining heroism 
and nonsense. 

It is interesting to conjecture on who is 
being ribbed by Louis Slobodkin in his The 
Space Ship under the Apple Tree. A little 
boy finds a flying saucer and a man three 
feet tall. The little man is an explorer who 
speaks English because Martians have 
studied the earth’s language from the traffic 
and advertising signs which they view 
through telescopes. The little boy is anx- 
ious to have the explorer tell Martians about 
the earth when he returns and gives him 
last year’s history textbook, a fifth grade 
geography book, and the Boy Scout Hand- 
book to help him explain the earth and its 
people. 

The plots of several stories center on the 
first landing or colonization of the Moon, 
Mars, Venus, and other planets. One 
wonders about the thinking which goes on 
in the minds of young readers as they come 
to those portions of such stories which sug- 
gest that if we do not settle these areas 
first, they may fall into the hands of a brutal 
enemy power (Russia, though not men- 
tioned as such, is clearly indicated) which 
would then be able to rule all the earth. In 
general, science fiction writers for children 
are gravely interested in the peaceful co- 
existence of nations. Lester Del Rey, for 
example, in his Mission to the Moon por- 
trays our country in a race against the 
Combine who are trying also to reach the 
Moon. The United States wins the race, 
but then there is a cooperative agreement 
for the control and use of the Earth’s major 
satellite. 
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The editors of Science World, a biweekly 
magazine for students, tend to feature 
science fiction stories. James Gunn's 
“Hoax,” for example, a three-part story 
which appeared in the September 24, 
October 8, and October 27, 1957 issues, led 
its readers into a wide variety of experi- 
ences. 

Having completed a most rigorous cadet- 
ship on Earth, Amos Danton was given the 
coveted assignment of joining Colonel 
Frank Pickerell’s crew on the first space 
platform, the Doughnut. From the moment 
Amos passed through the air-lock and hung 
his space suit among the other “gleaming 
white monsters,” Colonel Pickrell seemed 
to have it in for the new space navigator. 
Furthermore, there were never enough men 
for the jobs that had to be done; there was 
never enough space inside the Doughnut 
even for essentials. At the end of Amos’s 
shift on duty, he would crawl into his bunk 
and lie there too tired to sleep and so home- 
sick for “the feel and look and smell of 
Earth that he cried into the thin pillow, 
pressing his face into it to muffle the sobs. 
... There were moments he almost screamed 
for the lost privileges of a few moments 


completely alone.” But to return to Earth 


“ce 


was unthinkable. “. .. he was out here at 
last—out here in the Doughnut—out with 
his dreams.” 

But Amos could never overcome occa- 
Eventu- 
ally, the loudspeaker blared forth “Cadet 
Danton. Report to Colonel Pickrell.’’ As 
Amos entered the Colonel’s cold gray com- 


sional attacks of spacesickness. 


partment he was told “There’s no such 
thing as spacesickness. It’s fear. We don’t 
have room out here for cowards.” Amos 
didn’t understand this and asked the Colonel 
exactly what he had against him. “I'll tell 
you what I’ve got against you, Danton, 
you've got stars in your eyes. You want 
to go on out. This satellite is here to look 
back on Earth, not out at the stars. But 
you'll never get that through your head. 
You'll kill yourself. 
That I don’t care about. But the chances 


You're dangerous. 
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are great that you'll take the rest of us with 
you. And that’s my business. Get out 
your new spacepack, Danton. You're going 
in.” 

As Gunn continues to unfold his story, 
it is revealed that Cadet Danton’s dream to 
pioneer in space was based on a form of 
hero worship. He wanted to visit that first 
Earth satellite out there in space which had 
been the eternal tomb of Rev. McMillen who 
led “man’s way out into space only to 
become lost in the cave of night.” Cadet 
Danton had been particularly impressed by 
Colonel Pickrell’s report to the American 
people at the time of McMillen’s “death.” 
“In accordance with my instructions and his 
own wishes, his body will be left here in its 
From this moment, let 
this be his shrine, sacred to all the genera- 
tions of spacemen, inviolate. And let it be 
a symbol that Man’s dreams can be realized, 


eternal orbit. 


but sometimes the price is steep.” 

As Cadet Danton prepared to leave the 
Doughnut, he could not overcome his in- 
tense desire to visit McMillen’s tomb. This 
he did, only to find the tomb empty. Space 
forces being what they were, there was no 
place for Amos to go after his visit to the 
empty tomb but back to the Doughnut, 
face Colonel Pickrell, and confront him 
“Pickrell took a deep breath 
and let it sigh out. ‘Yes, the ship was 


with his hoax. 


empty. McMillen wasn’t the first man into 
space. He didn’t die there. The messages 
back—all planned, all taped’.””. Eventually, 
Colonel Pickrell had to reveal that McMillen 
“in New York, I guess.” It 
was all a hoax, perpetrated to extract enough 
money from the government to make the 
Doughnut Project possible. Gunn portrays 
Colonel Pickrell as a man so devoted to his 


was still alive 


dreams that he will use any means to ac- 
complish them, even though by accomplish- 
ing them he has to “live with death at our 
elbow—too much heat, too much cold, too 
much acceleration, too much ultraviolet, too 
little air, too thin a barrier against the night 
and the invisible bullets that speed through 
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space, too many unfiltered rays and parti- 
cles.” 

It is interesting to wonder what combi- 
nation of attitudes is created in the mind 
of a young reader by a story as fabulously 
interesting as Amos Danton’s visit to 
Colonel Pickrell yet shot through with so 
many reflections of political problems and 
human values. 

Lodestar, Rocket Ship to Mars, written 
by Franklyn Branley and published in 1951, 
emphasizes how the survival of those who 
pioneer in space depends upon intelligence 
and education, physical well-being, and 
mental and emotional control. Branley 
portrays the Martians as being far in ad- 
vance of the Earth in technology and the 
sciences. His story reaches its climax, how- 
ever, when the Martians bungle a nuclear 
physics experiment and allow radiation 
from it to spread throughout the planet. 
Not only were the inhabitants affected but 
also “a gradual deterioration of the organs 
of reproduction took place until no Martian 
could bear young.” Could it be that young 
readers may confuse Martian nuclear physi- 
cists with those who are actually responsible 
for this phase of science? 

The preceding theme is given a reverse 
twist by Laren in The Green Man from 
Space. In this case, a Martian came to 
Earth in need of a very important algal to 
replace that which was dying on Mars. He 
was hospitably received and helped to 
achieve his mission. 

Eleanor Cameron allows her young read- 
ers to savor the satisfaction of success in her 
The Wonderful Flight to the Mushroom 
Planet, and its 1956 sequel Stowaway to 
the Mushroom Planet. Two small boys 
build their own spaceship and take off for 
a planet “just their size” aided by a mysteri- 
ous little man. The inhabitants of the planet 
are facing extinction because a substance 
which they cannot detect is lacking in their 
diet. The boys happened to take a hen 
as a mascot and she helps them save the 
day. The sulphur from her eggs is the 
needed ingredient. 
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Peter Pepperell III is the small but daring 
hero in The Fabulous Flight by Robert 
Lawson. Peter grew normally until he 
was seven years old. At that age he grew 
down until he was four inches tall. His 
father, a government scientist, faces a 
hazardous assignment because an erratic 
scientist in a small country in Europe has 
developed an explosive more powerful than 
the atomic bomb. (This story was written 
in 1949 before the advent of the hydrogen 
bomb.) Peter volunteers to confiscate the 
new bomb. With the aid of Gus, a seagull, 
he accomplishes his mission but decides to 
drop the dangerous capsule in the ocean 
rather than have it remain a potential power 
for the destruction of mankind. 

Do stories such as Atlantis Hallam’s 
Star Ship on Saddle Mountain encourage 
readers to keep their imaginations alive? In 
Hallam’s story, the visitors to Earth are 
from Saturn whose civilization is 7,000 
years in advance of ours. The visitors 
kidnap an Arizona boy and take him aboard 
their spaceship. They communicate by 
mental telepathy and consider ordinary 
speech quite outmoded. They explain their 
means of communication as the work of 
mental reserve glands lying on either side 
of the neck, beneath the jaws. Earth people 
never caught on to the fact that these glands 
were there although they were responsible 
for the visions beheld by some people. The 
boy from Earth is brought before the ruling 
Council to see if he is civilized enough to 
become one of them because as the Elder 
says: “The recorded history of the world 

. is a terrifying one.” 

The role of science fiction in science edu- 
cation becomes most difficult to interpret 
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when titles are examined which deal with 
plant and animal life. So many authors 
have allowed sentimentality and misguided 
teleology to enter into their stories that one 
cannot be sure whether the author’s intents 
are fact or fiction. 

To summarize, this paper involves an 
interplay between two theses. One, which 
has been explored by Barron, suggests that 
adult science fiction plays upon those human 
values and satisfactions which may be 
closely related to those which motivate prac- 
ticing scientists. The second thesis and the 
primary one developed in this paper, sug- 
gests that children’s science fiction may be 
similarly related to whatever satisfactions 
keep young people interested in science. 

Although the motivations for both practic- 
ing and would-be scientists are but dimly 
identified, science fiction may play a signifi- 
cant role in these motivations. 
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THREE CLASSROOM PROCEDURES FOR PRESENTING THE 
CONCEPT OF “MECHANISM” IN BIOLOGY * 


MervVIN E. OAKES 


Queens College, Flushing, New York 


A* editorial last month in Life [7] maga- 
zine includes the sentences: ‘Meta- 
physical speculation is becoming fashionable 
again. .. . Man is now as free as before to 
suppose that, inside the whirling cosmos of 
the invisible atom as in the massive spirals 
of the countless nebulae in endless space, 
there is an Order and Purpose as was 
believed of old—only incredibly vaster.” 

Be that as it may, one premise on which 
this discussion is based is that in biology, 
the understanding (i.e., explanation) of 
functions is best obtained on the principle 
of mechanism. 

The meaning of “mechanism” as the term 
is used herein is clearly stated in Carlson 
and Johnson [3], pp. 3-7. Briefly, it means 
that biological phenomena can be accounted 
for as series of cause-and-effect relation- 
ships—a process is the consequence of 
certain conditions. A more detailed analysis 
of their definition will be given in due course. 

A second basis of this paper is the prev- 
alence of anthropomorphic and teleological 
explanations. Transeau [16], Oakes [12], 
and Rickett [13], among others, refer to 
such explanations in popular writings, in 
student papers, and even in some biology 
textbooks, as well as in the beliefs of primi- 
tive man both ancient and modern. Rickett 
states, “Misled by the writings of biologists, 
even philosophers fall into error.” 

Third, the authors of several textbooks, 
notably Daubenmire [5], Rickett [13], 
Transeau [16], and Young [18], discuss the 
importance of clarifying this concept of 
mechanism, especially pointing out the fal- 
lacy of teleological explanations. It was 
proposed earlier [12] that one criterion 

* Paper presented at the Thirtieth Annual Meet- 
ing of the National Association for Research in 


Science Teaching, Hotel Claridge, Atlantic City, 
New Jersey, February 16, 1957. 
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for textbook selection might well be whether 
it includes explicit discussion of the wide- 
spread use of anthropomorphic and tele- 
ological explanations as well as how to make 
such statements in terms of mechanism. 

Lastly, the procedures herein briefly de- 
scribed constitute attempts to fulfill one 
objective for a general biology course: 
namely, to correct teleological, anthropo- 
morphic types of thinking. See Barrows 
[2], Greulach [9], Meyer [10], Sampson 
[14], in the bibliography. 

Each of the three classroom procedures 
here described includes a paper-and-pencil 
exercise. The separate sheet on breathing 
(herein called Exercise III) was used late 
in the semester after Respiration had been 
presented,* including the Erpi film, “Mech- 
anisms of Breathing.” It will be discussed 
after the other two. One or the other of 
these is used at the first session of the 
Recitation section.* 

Exercise I (Sampson [14], pp. 11-15, 
and Transeau [16], pp. 53-56.) 

Grow potato sprouts in boxes or flower- 
pots for two weeks or so; one in good light, 
one in the dark. (A third box in which the 
potato sprouts were exposed only to red 
rays is also desirable. ) 

Part A—each student writes parallel lists 
of differences which he sees between the 
(height), size of 





jlants: color, length 
] db 
Emphasize the importance of 


List 


leaves, etc. 
accurate observations. several on 
blackboard. 

Part B—How do you account for (Ex- 
planation) the difference in length? Stu- 
dents write on same sheet. 

Exercise II (Cohen [4], pp. 87—ff.) 

* Sc. 2 at Queens College consists of two lec- 
tures and two recitation periods a week. 
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CONCEPT OF 


Use two geranium plants as nearly the 
same size as possible: both have been in a 
sunny window ; one standing in one position 
for some time ; the other has been frequently 
turned. Describe this procedure to the 
class. 

A. Ask 


observed. 


them to list the differences 
Limit statements only to what 
can be seen, not inferred. 

B. Ask, “How do you account for the 
position of the leaves (i.e., all facing to- 
ward window ) of the former ?” 

As soon as the writing seems at the 
point of disminishing returns, have the 
papers handed in for further tabulation and 
analysis. In the meantime call for explana- 
tions which had been written and list on 
the blackboard. 

Underline “need,” “attempt, 
for light, “instinctively,” “in order to,” and 
similar expressions. 


99 66 sy 66 


reaching” 


Usually someone will 
realize the assumption of intelligence or the 
personification involved. The explanations 
are of several types: (1) Some restate either 
the procedure, the question, or the observa- 
tion; (2) others seem to feel that giving 
a word for it, such as “phototropism,” 
“photosynthesis,” explains matters; (3) 
then there are such terms as “naturally,” 
“tendency,” or even “instinctively,” with 
little else; (4) others, with what Piaget 
terms ‘phenomenistic’ explanations, make a 
try with “the Sun attracts,” “magnetic pull,” 
“nourished by the sun’ and so on; (5) as 
well as the anthropomorphic and teleological 
terms mentioned above. 

Actually, what most of the writers should 
state is, “I really do not know.” But we 
seem to be conditioned to try anything ! 

These kinds of answers illustrate what 
Navarra [11], in the reference to concept- 
formation by the young child, calls “Expect- 
ancy.” Many people expect the usefulness 
of an object or process to serve as an ex- 
planation. Carlson [3] uses a thermostat 
as an example: If one asks, “How is it that 
when the room becomes chill, the gas furnace 
turns on?” The answer most likely is, “In 
order to keep a comfortable temperature.” 
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(Also, “What is a chair?” “Something to 
sit on.”’) 

Exercise III, “How do you account for 
the more rapid breathing (puff-and-pant- 
ing) when running to catch a bus ?” 

Before discussing this one, here is the 
Carlson and Johnson definition: “By 
mechanism is meant an automatically oper- 
ating sequence of physiological events, set 
into motion by some environmental change, 
and resulting finally in a readjustment 
negating or counteracting the initial en- 
vironmental change.” 


son [3], p. 4.) 


The following outline 


(Carlson and John- 


(placed on the 
blackboard as the class discussion proceeds) 
summarizes a more adequate statement of 
Note: 
numerals represent chronologically the main 


the mechanism involved. Roman 


parts of the above definition; arabic nu- 


merals, the “sequence of physiological 


events.” 


RAPID BREATHING AS A MECHANISM 


Environmental Change: 

1. See bus approaching, begin to run; 
2. Muscle action, increased use of energy ; 
3. Energy released by oxidation of glu- 
cose; 


4. COs (one product) increases ; 


II. Sequence : 
5. “Center” in medulla very sensitive to 
CO: concentration in blood ; 
6. More COs, more frequent impulses 
from this center ; 
Impulses go along phrenic nerves to 
diaphragm ; 
8. More impulses, more contractions of 
diaphragm ; 
9. On the bus, rapid breathing continues: 
“paying oxygen-debt.” 


“I 


IIT. Counteracting of I. 
Also, “utility” or adaptive benefit to 
organism :- 
Rapid breathing both 
a. Eliminates more COs, and 
b. Increases supply of Os to muscle 
cells. 


Another ‘expectation’ that is deeply in- 
grained by our culture is that everything in 
an organism is for the best: Mother Nature 
(or Kind Providence) cares for her chil- 
dren. And that to state this view is suffi- 
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cient explanation of any adaptation. Such 
exceptions as the proverbial moth-and- 
flame, the effects of poisons, infections, and 
the like, are usually ignored. 

To be sure there are numerous other pro- 
cedures, as well as the three presented 
above, for replacing teleological explana- 
tions. One example may be mentioned, 
Exercise: “Meaning of Diffusion,” pp. 
19-21, Service Studies [2, 14]. Another: 
“The rise of water in plants,” Scientific 
American, Oct. 1952; it is reprinted, to- 
gether with a number of other procedures 
in Science Reasoning and Understanding 
by Dressel and Mayhew [6]. 

There seems to be much less tendency to 
give anthropomorphic explanations oi 
physical and chemical phenomena, cf. pp. 
12-13 in Sampson [14]. 

As conclusion, we qnote Transeau [16]. 
pp. 51-2: “All of us, therefore, are faced 
with deciding whether we shall accept, as 
explanations of natural phenomena, those 
that are based on needs and purposes or 
those that are based on consequences of 
preceding conditions and processes.” 
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TRAITS OF SCIENTISTS * 


SAMUEL STRAUSS 
McKinley High School, Washington, D. C. 


AND 


Henry BRECHBILL 


Assistant Dean, Retired, University of Maryland, College Park, Maryland 


see need for more knowledge about the 
backgrounds, characteristics and circum- 
stances of scientists, in order to guide the 


selection and promote the recruitment of 
young persons into scientific work, is well 
known and has been widely discussed. It 
needs no further elucidation. This paper 
is a report of a study which seeks, both in 
method and in modest findings, to make a 
contribution to such knowledge. 

The investigation involved the study of a 
group of sixty men who had earned the 
Ph.D. degree in the biological and the social 
sciences. They had been approved by uni- 
versity faculties and had shown sufficient 
interest and tenacity of purpose to overcome 
all the many hurdles in their training pro- 
gram. They had been granted the “union 
card” which certified that they were trained 
to do research. Such persons, being mature, 
highly educated and familiar with research 
procedures, might, if they could be induced 
to talk freely about themselves, reveal some 
of the influences in their lives which led 
them to select and persist in their self- 
To this 
end, the interview technique seemed to be 


imposed program of advancement. 


best adapted. 


PROCEDURE 

The interview and analysis procedures 
used in the study will be described in some 
detail, so that they may be duplicated by 
anyone interested. First, an 
schedule of 83 questions was formulated. 
The questions were semi-structured, that is, 


interview 


* Paper presented at Thirty-First Annual Meet- 
ing of the National Association for Research in 
Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 20, 1958. This study was sup- 
ported in part by U. S. Office of Naval Research. 
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they called for definite information and 
could not be answered by a single word, yet 
they allowed considerable latitude for ex- 
pression. This schedule was revised at 
least six times. The first 14 questions dealt 
with vital statistics, factual in nature, about 
the man. The next 11 questions dealt with 
the man’s doctoral project, a “safe” subject 
which he knew very well and could discuss 
freely. The third group of 19 questions 
was concerned with the school history of the 
subject and an attempt to trace the rise and 
development of his interest in his field. 
The next group of 12 questions was con- 
cerned with his relations with the family 
in which he grew up. The fifth group of 
12 questions probed into his relations with 
other people. The remainder of the ques- 
tions were concerned with his attitude to- 
ward research. In a number of instances 
the same information, but from different 
points of view, was sought by questions in 
different parts of the interview, thus check- 
ing consistency. 

The interview appointments were ar- 
ranged by personal visits and occasionally 
by telephone. The purpose of the study 
was described, and permission was secured 
to record and transcribe the interviews. 
Since the interviews were very lengthy, it 
was necessary to set aside an entire morn- 
ing or afternoon or evening for the purpose. 
About half of the interviews were conducted 
in homes and the remainder in offices or 
laboratories. 

The interviews were recorded with an 
Audograph machine. The machine was 
exposed in full view during the interview, 
as was the typewritten schedule of questions. 
The respondents were encouraged to speak 
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freely and at length and were sometimes 
prompted, either to bring out a more com- 
plete answer or to explain something so 
that a subsequent reading between the lines 
would be unnecessary. The interviews 
lasted three to four hours. 
exhaustive procedure, though most of the 


It was a rather 


subjects said that they enjoyed it and ex- 
pressed great interest in the study. There 
was a strong impression left with the inter- 
viewer that these men cooperated to the 
best of their ability to give a true and accu- 
rate picture of their lives and attitudes. 
The recorded interviews were transcribed 
verbatim by typists, the transcriptions 
averaging about fifteen single-spaced pages 
each. Special care was taken to reduce 
personal bias in the analysis of the inter- 
views. After all the interviewing was done, 
a carbon copy of each of the first twenty 
interviews was cut into pieces containing 
one question and its reply; then the twenty 
answers to each question were assembled 
by stapling them into manila folders. In- 
spection of the replies revealed the elements 
that they had in common; these were taken 
out as categories and arranged into groups 
or clusters. Setting up the categories and 
the clusters was done from the information 
furnished by the subjects after all the inter- 
views were completed. They were not pre- 
pared in advance, to avoid the possibility of 
unconsciously directing the replies of the 
It was true that the nature 
of the questions sometimes determined the 
nature of the replies, but in a surprising 
number of cases the replies were quite un- 
expected and this substantially affected the 
Because of the subjective 


respondents. 


categorization. 
nature of the 
described above were taken to use only the 


material, the safeguards 


actual statements of the subjects, with no 
attempt made to read between the lines. 
The categorization produced 134 clusters, 
with from two to seven categories in each 
cluster; about half the clusters had three 
categories each. 

Once the categorization had been com- 
pleted, it was necessary to go back and code 
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each interview by tabulating the replies 
which seemed to fit the respective categories. 
In coding, it was found that replies some- 
times encompassed more than one category 
or cluster. It was also found that subjects 
made remarks at various points along the 
interviews which affected the coding in other 
portions. It must be recognized that, since 
many of the responses were quite subjective, 
the coding according to the categories set 
up involved the exercise of much personal 
judgment, but there seems no escaping this 
difficulty. Several checks were made on the 
reliability of the coding, by having other 
persons code twelve of the interviews. 
There was a general agreement of about 
75 per cent between the coders, which was 
considered satisfactory under the circum- 
stances. 

The chief objective of this study was to 
determine what personal traits and back- 
ground factors were to be found among 
biological scientists. But from the first 
there was the question as to whether the 
traits that would be uncovered would 
be those unique to biologists or whether 
they might also be the traits of a more 
general population, such as_ scholars. 
Therefore the parallel study was made of 
a group of social scientists, who presumably 
shared similar educational preparation with 
the biologists except for the field of speciali- 
zation. It was regarded as desirable to 
apply some sort of statistical technique to 
compare the two groups of subjects, as a 
means of testing whether the biological and 
the social scientists could be considered 
members of the same population. For this 
purpose the Chi-square technique seemed 
the best adapted. When the frequency of 
responses of the two groups were compared 
by this method it was found that, among the 
134 clusters of categories, the differences 
were significant in 16 of them at the .05 
level, in three at the .02 level, and in four 
others at the .01 level. In other words, a 
statistically significant difference between 


the biological and the social scientists was 
found to exist in 17 per cent of the groups 
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of categories that were studied. From this 
evidence it may be fairly concluded that in 
most respects the two groups of men investi- 
gated were much more alike than they were 
different, and that most of the traits are 
common to scholars. 


FINDINGS 


The presentation of the whole body of 
data assembled in the study would require 
much more space than is available in this 
report. Selections have been made of a few 
sections which suggest hypotheses (1) indi- 
cating contrasts between biologists and 
social scientists or (2) regarding the charac- 
teristics of scientists in general, especially if 
such hypotheses seem to be at variance with 
prevailing ideas as revealed in other research 
and in the selective practices now favored. 

A group of thirty biological scientists and, 
for comparative purposes, a group of thirty 
social scientists who had been granted the 
Ph.D. degree within two years prior to 
this investigation, formed the subjects of 
this study. The men were chosen as they 
could be found in government agencies, 
university staffs and in a few private organi- 
zations in and around Washington, D. C. 
Only men who acknowledged that they con- 
sidered themselves to be biologists or social 
scientists were interviewed. The reader is 
cautioned that the data presented in this 
paper are not to be considered necessarily 
representative, for no sampling procedure 
was followed in selecting the subjects. 

The interviews were held between Decem- 
ber, 1952, and September, 1954. When 
they were granted the Ph.D. degrees, the 
biologists averaged 33.1 years of age, while 
the social scientists were 35.9 years old. 
The biologists required an average of 8.7 
years between earning the bachelors and the 
doctorate degrees, while the social scientists 
took an average of 12.5 years. Since the 
number of men who had their schooling in- 
terrupted by military service was the same 
(80%) in both groups, the difference may 
possibly be accounted for by the considera- 
tion that the social sciences require greater 
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maturity on the part of their practitioners 
than do the natural sciences. This should 
not be altogether surprising, since boys 
become acquainted with the natural sciences 
at an earlier age. A bit of evidence that 
lends support to this view is the finding 
that 30 per cent of the social scientists in 
this study had begun their collegiate careers 
as natural scientists or engineers and later 
changed their interests, while not a single 
case of the reverse situation appeared. 

When asked about their fathers’ occupa- 
tions, the subjects of this study responded 
as shown in the following distribution : 


Biology Social Science 


Per Cent Per Cent 
Professional 20 27 
Business 37 47 
Skilled labor 23 13 
Farmer 20 13 


It is interesting to compare these figures 
with corresponding data presented in studies 
Visher [3] and by Roe [2] 


several years earlier, as shown below: 


rep rted | Vv 


Study made by Visher Roe Strauss 
Date of study 1946 1947-51 1952-54 
Number of cases 849 64 60 


Year of birth 
Range 1855-1914 1889-1917 1897-1928 
Mean (approx.) 1883 1900 1917 


Occupation of fathers 


Per Cent Per Cent Per Cent 
Professional 4 


~ -> >? 


Business 23 31 4? 
Skilled labor Ss 3 18 
Unskilled labor l 0 () 
Farmer 22 13 17 


The men in the present study show a 
smaller proportion of scientists originating 
from professional fathers and a larger num- 
ber coming from fathers in business and in 
skilled labor. It may well be that these 
differences indicate changes in educational 
and social conditions which may be impor- 
tant in the production of scientists and other 
scholars. 

When asked about their siblings, the 
biologists reported an average of 2.0 siblings 
and the social scientists 2.6 siblings each. 
There were almost twice as many boys as 


girls in these families. The scientists re- 





38 ScIENCE EDUCATION 


ported their position in the family as fol- 
lows: 
Biology Social Science 
Per Cent Per Cent 


Oldest child in the family 23 33 
Youngest child in the family 37 23 
Only child in the family 17 13 
Other 23 31 


That these distributions differ from those 
reported by Visher and by Roe is shown in 
the distribution below: 


Study made by Visher Roe Strauss 
Number of cases 824 o4 60 
Per Cent PerCent Per Cent 
Oldest child 41.5 38 28 
Youngest child 30 is 30 
Only child 8 23 15 
Other 20.5 ? 27 


It can be seen that the most recent study 
shows that the scientists were more evenly 
distributed through their families, with less 
concentration on oldest child or the only 
child. 

At the time of the interviews, 52 of the 
60 subjects were married and one had been 
divorced. The ages at the time of marriage 
ranged from 21 to 39, with a mean age of 
27.1 years. This would indicate that scien- 
tists make good husbands who get along 
In confirmation, it may 
be pointed out that most of the men spoke 


well in marriage. 


highly of their wives and expressed appre- 
ciation for their understanding and helpful- 
ness. 

The generalization that most scientists 
enjoy their work may be drawn from the 
following tabulated replies to interview 
questions : 

Question: “What was your attitude towards 
your doctoral problem?” 

Social 
Biology Science 
Per Cent Per Cent 
Showed a deep and genuine 


interest 77 60 

Mild interest shown 20 37 
Research was done as a 

necessary chore 3 3 


Question: “How did you enjoy working on 
your doctoral problem?” 
Per Cent Per Cent 
Enjoyed it very much 90 67 
Found it interesting 30 


7 
Did not enjoy it much $s 3 
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Question: “What is your notion of an ideal 
job?” 
Per Cent Per Cent 

Same as the present job 47 38 
Same as the present job 

with more pay 20 7 
Something similar to present 

job 30 34 
Something different from 

present work 3 21 


Question: “What are your plans for the future ?” 


Per Cent Per Cent 


To stay on the present job 63 80 
Wants something better in 

same kind of work 27 10 
Wants something better in 

related work 10 10 


Scientists are people who persevere in 
spite of difficulties and hard work. This 
is shown by their willingness to submit to 
many hurdles and to the long period of 
training. It is also shown by their attitude 
towards their work as expressed in their 
replies to questions. 


Question: “What obstacles did you encounter 
in your doctoral project?” 
Social 
Biology Science 
Per Cent Per Cent 
Did not consider obstacles 
difficult 23 47 
Considered obstacles moder- 


ately difficult 70 50 
Considered obstacles very 
difficult 7 3 


Question: “How did you make the detail work 
more pleasant?” 


Per Cent Per Cent 


Enjoyed the detail work 6 27 
Did not really mind it 25 41 
Endured it for the sake of 

results 53 24 
Dropped it and later came 

back 16 8 


The social scientists seemed to find their 
research work less grueling, while the biolo- 
gists needed a stronger drive to enable them 
to persist through the details of their re- 
search work. The difference in their atti- 
tude is great enough to be significant at the 
.05 level of probability. 

The replies of respondents to the ques- 
tions below indicate that the prevailing 
opinion among them is that the recruitment 
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of scientists need not be confined to persons 
of very high intelligence. 


Question: “How much intelligence does a 
scientist need to have?” 

Social 

Biology Science 

Per Cent Per Cent 
Of a high order 23 22 
Above average 27 39 
Average 47 32 
Below average 3 7 

Question: “Can any person of high intelligence 


be made into a scientist?” 


Social 
Biology Science 
Per Cent Per Cent 
Yes 30 62 
Doubtful 23 28 
No 47 10 
Other factors are not so 
important 14 22 
Other factors are equally 
important 62 56 
Other factors are more 
important 24 22 


When asked to name the other traits aside 
from intelligence considered important for 
doing research, the following were named 
in order of frequency of mention : persever- 
ance, interest, training, interest in people, 
the ability to see relationships, hard work, 
curiosity, intellectual honesty, rigorousness, 
openmindedness, imagination, personality, 
skill in writing and speaking, good memory. 

One of the most far-reaching conclusions 
to be drawn from this study is that the 
great middle group of students, neither high 
nor low in parentage, intelligence and school 
the 
search for potential scientists and other 


marks, should not be overlooked in 


scholars. Supporting evidence is presented 
by the grades which the subjects of this 
study said that they had earned while in 
high school and college. The quality of 
work done was generally good, but not ex- 
ceptional, as shown below : 


Question: “How did you rank scholastically in 
your high school class?” 


Social 

Biology Science 

Per Cent Per Cent 
In top tenth of class 29 57 
In top third but below top tenth 46 40 


About average 25 3 
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It should be noted here that the social 
scientists earned higher marks than did the 
biologists and the difference between them 
is significant at the .05 level. If encourage- 
ment for advanced work were confined to 
the highest level of high school pupils, many 
potential social scientists and even more 
biologists would be eliminated. 


Question: “What was your college grade 
average?” 
Social 
Biology Science 
Per Cent Per Cent 
A 3 7 
setween A and B 33 53 
B 37 27 
setween B and C 27 13 
c 0 0 
The social scientists reported receiving 


higher grades in college, though not signifi- 
cantly so. <A larger number of them re- 
ported the award of honors for their college 
work. 

In general, a fairly large measure of 
appreciation is shown for the value of the 
efforts of high schools and colleges in the 
training of scientists. 

Question: “How valuable was your high school 
work to you?” 


Social 
Biology Science 
Per Cent Per Cent 
Of great value 55 50 


c 
Of some value 30 47 
Of little or no value 1 
Gave good background for 

further work 50 56 


z 2 
) ) 


Developed good work habits 3 16 
Stimulated and established 
interests 47 28 


The small percentages of these men who 
gave their high schools credit for developing 
good work habits are more striking than 
surprising. Nor can it be said that the high 
school is shown to be the tremendous force 
for stimulating interest in science that is 
now so commonly believed. Nevertheless, 
the expression of appreciation of the per- 
sonal interest taken by some teachers and 
principals, except in the very large high 
schools, were frequent and seemed to have 
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constituted a vital factor in the lives and 
decisions of these men. 

When asked about the quality of instruc- 
tion they received in college and of the 
instructors who taught them, the subjects 
reported as follows: 


Question: “How were the courses and the pro- 
fessors in college?” 
Social 
Biology Science 
Per Cent Per Cent 
Most of the instruction was 


good 56 50 
There was considerable 

variation 39 35 
Only a few good instructors 5 15 
Named no stimulating 

instructors 58 29 


Recalled one or two stimu- 

lating instructors 35 50 
Named more than two stimu- 

lating instructors 7 21 


These figures indicate a scarcity of inspiring 
teachers on college faculties. This fact 
assumes greater importance when it is real- 
ized that the majority of these men made 
the selection of their life work when they 
were in college or shortly thereafter, when 
the influence of college teachers might be 
expected to be the strongest. The subjects, 
with little difference between the biologists 
and social scientists, reported that their 
definite vocational choice was made as fol- 
lows: before reaching high school, 3 per 
cent ; during high school, 8 per cent; in col- 
lege, 40 per cent; in the service or while 
working after graduation, 32 per cent; in 
graduate school, 17 per cent. Moreover, 
53 per cent of the men said that the nature 
of the college program, rather than any in- 
structors, was the chief factor influencing 
their decision. It is suggested that a pro- 
ductive means of recruiting young persons 
into science specialization might be to in- 
crease the inspirational quality of college 
science teaching and the personal interest 
of college science teachers. Knapp and 
Goodrich [1] have described the effec- 
tiveness of such stimulating teaching. 
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ADDITIONAL ORSERVATIONS 


The scientists studied gave no evidence 
of any characteristic personal peculiarities. 
They reported that they enjoyed social con- 
tacts, were greatly influenced by other 
people, attended church, resented being 
pushed around, sought varied recreation, 
and seem generally to be what may be 
regarded as normal human beings. This 
conclusion is supported by a considerable 
body of specific data, too large to report 
here. 

In addition to the results given with 
supporting data, there appear to be several 
hypotheses that can be drawn. One such 
generalization is the enormous importance 
of drive in the lives of the men studied. 
The drive is apparently generated in child- 
hood by such frustrations as the failure to 
be accepted as an equal by the peer group, 
or by family tensions and pressures, or by 
minority status. In some cases it was a 
combination of these factors and perhaps 
others. The drive, actuated by an uncon- 
scious desire “to show ‘them’ that he is 
worthy” is probably established by the time 
the boy reaches his early teens and possibly 
remains for life. Among the subjects of 
this investigation, the pursuit of the highest 
earned academic degree as a mark of suc- 
cess probably served as a satisfying outlet 
for the drive. 

Another possible generalization is the ap- 
parent presence of a degree of non-con- 
formity among the natural scientists. The 
social scientists appeared to be more sensi- 
tive to the opinions of other people and made 
a greater effort to please them, as indicated 
by their higher grades and greater partici- 
pation in extra-curricular activities in high 
school and college, by their greater emphasis 
on honors won, and by their more success- 
ful family relationships. The biologists 
seemed to be more interested in doing what 
they wished, rather than in pleasing others. 

A third generalization is the effect upon 
the scientists as a result of the personal 


interest taken in them by others, and in the 
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inspiring example set for them. The faith 
and the interest expressed in the subjects 
by some teacher or other adult made a deep 
impression and was in many cases responsi- 
ble for the selection of the field of study. 
Since the men under investigation had spent 
most of their lives in school, it is not surpris- 
ing that the personal interest of some 
teacher constituted a dominant influence 
When asked about the 
people who had played a dominant role in 


upon their lives. 


their lives, half of the men named college 
teachers and high school teachers and 43 
per cent mentioned graduate professors. 
It was noticeable that men who had at- 
tended smaller schools more frequently men- 
tioned the influence of a teacher in that in- 
stitution. 

The evidence with respect to such 
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generalizations as those just noted deserve 
more attention. Another study, in which 
the findings confirm some of those presented 
above, have been published elsewhere [4]. 
More relevant data has recently been col- 
lected in another investigation and will be 
reported at a later date. 
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A CURRICULUM FOR THE TALENTED STUDENT 
IN BIOLOGY * 


JeERoME METZNER 


Bronx High School of Science, Bronx, New York 


ean for the talented student 
in biology is one that provides a variety 
of environments and learning experiences 
through which the student may explore his 
interests and be stimulated to capitalize on 
his native abilities. 

Talented students in biology require 
guidance and inspiration from well-trained, 
enthusiastic, dedicated biology teachers. 
They merit the best teachers we are able to 
enlist. Debates on whether the teacher 
should be a master of the subject matter or 
a master pedagog are pointless. The 
teacher of the talented in biology must be 
both. Talented students abhor teachers 
who “don’t know their stuff.” Their talents 
may be suppressed or left unexpressed if 
they are misguided by untalented teachers. 

The total curriculum for the talented 
biology student is one that is well-balanced 

* Paper presented at the Thirty-First Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 21, 1958. 


in the humanities. It affords enriched 
learnings in one or two languages, social 
studies, mathematics, English, speech, art, 
music and health education. The talented 
student in biology often has abilities and 
interests that carry him beyond the level 
of the average student in other sciences and 
in the humanities. 

The science curriculum for the talented 
biology student includes at least one year 
each of chemistry and physics, a minimum 
of three years of mathematics, some shop 
experience to acquire skills in the use of 
tools and machines, and training in mechani- 
cal drafting. An outcome of the science 
curriculum is the recognition that modern 
biology is closely interrelated with chemis 
try, physics and mathematics. There are 
few, if any, fields of modern biological 
science that have not been influenced by 
the biochemists, biophysicists or mathema- 
ticians. Descriptive cytology, for example, 


has been replaced by biochemical cytology. 
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Population studies and analysis of progeny 
in modern genetics require a knowledge of 
mathematics. Cellular absorption is deter- 
mined by the chemical and physical nature 
of cell membranes. A total curriculum of 
the type that has been described requires an 
increase in the number of major subjects 
carried by the student. 

A curriculum for the talented in biology 
provides a wealth and diversity of facilities 
and materials that make possible real, first- 
hand experiences in biological science in 
addition to learnings acquired through read- 
ings, demonstrations, and discussion, and 
calls for special laboratories for elective 
courses and project work, greenhouses, 
photographic dark rooms, animal rooms, 
The 
equipment goes beyond the requirements of 
Stereoscopic microscopes, 
microscopes with oil immersion lenses and 
condensers, microtomes, photomicrographic 
apparatus, pH meters, colorimeters, incu- 
bators, ovens, autoclaves, centrifuges, stills, 


and laboratory preparation rooms. 


basic biology. 


refrigerators, and other specialized equip- 
ment, too numerous to mention, are avail- 
able. 

The curriculum for the talented in biology 
provides ready access to a library that 
includes up-to-date books in the biological 
sciences, biological journals, biological ab- 
stracts, reprints of research papers, maga- 
zines such as Science and Scientific Ameri- 
can. 

It is obvious that the school program must 
be designed to make possible the full utili- 
zation of these facilities and resources by 
providing time for students to work under 
teacher guidance. 

The curriculum must be modern, flexible, 
modifiable, and varied to meet special stu- 
dent interests and needs. It is never static. 
It is subjected to continuous evaluation and 
subsequent revision. It embodies enriched 


basic courses requiring readings beyond the 
basic text, and laboratory experiences that 
challenge the ability of the student to per- 
ceive and formulate scientific problems and 
to devise procedures for solving them. 
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Such courses provide for pupil reports and 
demonstrations, group activities on certain 
topics, field trips for ecological studies, 
creative project work, visits to museums, 
zoos, botanical gardens, hospitals, research 
laboratories, pharmaceutical and 
stimulation to participate in school biology 
clubs, science fairs and contests. 

The basic-courses in biology offer a milieu 


houses, 


in which the talented student of biology may 
be identified. The process is usually one 
of self-identification ; for the student who is 
talented and interested eagerly grasps the 
opportunities that have been described and 
capitalizes on them. 

The curriculum for the talented in biology 
offers elective courses in biology. At our 
specialized Science High School students 
may elect courses in microbiology—which 
includes the study of. bacteria, protozoa, 
fungi and phages; blood and urine analysis 
—including qualitative and quantitative 
analyses, blood typing, Rh determination ; 
in field biology—where students study the 
ecological relationships of the local fauna 
and flora and investigate biological prob- 
lems in the laboratory of the out-of-doors ; 
home technology—specially designed for 
girls who intend to pursue careers as nutri- 
tionists, home economists, food analysts, 
technicians in testing laboratories ; in college 
biology—highly talented students, after 
successfully completing this course, are ad- 
mitted to college with advanced standing in 
biology and thus gain a year in their pro- 
fessional preparation. 

The curriculum for the talented in biology 
reflects the willingness of those who design 
it, to experiment, that is, to try out new 
ideas or to attempt new approaches to old 
ideas. The Bronx High School of Science 
has been engaged in active experimentation 
with its curriculum during the past year. 
The biology department has been involved 
in the following endeavors: 

Science Orientation. This is an intro- 
duction and orientation to each of the major 
fields of science intended to guide the stu- 
dent in making an intelligent choice of the 
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If the stu- 
dent selects biology for his tenth year science 
he then has two years following the basic 
course in which he may take electives in 
biology and/or biology project work. Dur- 
ing these two years he takes, in addition, 
one year each of chemistry and physics and 
courses in mathematics. The following 
problems and topics are included in the 
biology phase of orientation: What is 
biology? What kinds of work do biologists 
What salaries do various kinds of 
biologists receive? What are the present 
needs for biologists ? 


first science that he will study. 


do? 


How was a basic 
This latter 
problem involves a case study of a particu- 


concept in biology developed ? 
lar problem or area of biology. For exam- 
ple: spontaneous generation, plant metab- 
Orientation 
learning about the tools employed by biolo- 
gists in their work; the literature of biology 
including books in different fields at various 


olism, cell theory. includes 


levels, monographs, research papers, scien- 
tific journals; how to conduct an experi- 
ment. Orientation helps the student to 
identify himself with an area of science that 
captures his interest and stimulates him 
to work in it. Our present feeling about 
orientation is that it can be more effective 
and functional if offered during the ninth 
year. 

Laboratory Work in Basic Biology for 
Talented Students. Students are 
grammed for two consecutive laboratory 


pro- 


periods per week in addition to the usual 
five periods of recitations and demonstra- 
tions. Their laboratory teacher may be the 
recitation teacher or another teacher who is 
skilled in guiding pupils in individual and 
group projects. At first all students learn 
various basic biological techniques and pro- 
cedures such as using the microscope, cul- 
turing and methods of studying micro- 
organisms, preparing slides for microscopic 
observation, preparing culture media, caring 
for and maintaining plants and animals, 
cleaning and glassware, etc. 
Pupils are encouraged to perceive problems 
and to find methods of solving them. For 


handling 


TALENTED 


STUDENT 43 


example, a pupil may begin by studying the 
extrusion of trichocysts in Paramecium. If 
his interest in this phenomenon persists he 
may extend his studies to the feeding re- 
actions of an organism with localized trich- 
ocysts, such as Dileptus, and perform 
merotomy experiments to discover the re- 
actions of specialized parts of a unicellular 
organism. 
Contract Plan. 


a type of organization of instruction which 


This is an adaptation of 


emphasizes individuation of instruction and 
carries the pupil along at his own pace. It 
enables talented pupils to advance rapidly 
according to their abilities and to utilize the 
time that is saved for enrichment and project 
work. It is a means whereby pupils and 
teachers are freed from the rigidities of the 
usual classroom organization and are given 
time to utilize such special facilities as the 
school may afford science talented youth. 

In the fall of 1957 we organized a class 
of thirty-six students selected on a basis of 
interest in biology to complete the regular 
year’s work in biology in one-half year 
utilizing tentatively designed contracts. 
These same students, at the same time, were 
encouraged to originate biology projects of 
an investigative nature following lines of 
individual or group interest. 

In January, after completing a year’s 
work in one-half year, these students took 
the state-wide regents examination in 
biology. Four students received grades in 
the The 
grades in the nineties, with the majority 
having grades of ninety-five or better. 


eighties. remainder achieved 


Their achievement is all the more remark- 
able in view of the fact that attendance at 
school was curtailed because of the epidemic 
of Asian flu and because of the prolonged 
subway strike. In addition, most of these 
students became involved in biology proj- 
ects of sufficient merit to warrant their entry 
into the Future Scientists of America Con- 
test and/or the New York City Science 
Fair. 

We intend to follow up this venture with 
a more serious experiment designed to de- 
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termine whether or not the retention of basic 
concepts in biology is affected by accelera- 
tion. With the help of the Division of 
Curriculum Research, we hope to test ac- 
celerated groups after time lapses of one 
and two years and compare them in regard 
to retention, and perhaps other factors, with 
matched groups that have not been acceler- 
ated. 

A curriculum for the talented biology 
student has a rich co- and extra-curriculum 
where students may engage in activities that 
give expression to their talents and satisfy 
their interests. At our school we have a 
variety of student biology squads under 
teacher sponsorship: Drosophila Squad, 
protozoa squad, histology squad, scientific 
illustration squad, animal squad, plant 
squad, bacteriology squad, field biology 
squad. Each squad has two main activities. 
Materials are prepared for school use and, 
in addition, pupils of each squad utilize the 
material in connection with individual or 
group projects. Thus the Drosophila squad 
maintains cultures of various types of Dro- 
sophila, for class genetic studies. <A 
squad member may be studying the inheri- 
tance of a group of linked factors in a 
certain type of fly. A small group of squad 
members may be studying the changes in- 
duced by the addition of a radio-isotope to 
the culture medium of the fly. 

Student laboratory aides are chosen to 
assist the laboratory assistants in the 
preparation and distribution of laboratory 
materials requested by teachers. They 
learn how to handle and care for various 
types of biological equipment and materials. 
In these activities a valuable service is ren- 
dered the school at the same time that the 
students are acquiring helpful experience. 

The biology project rooms are specially 
designed and equipped to meet the diverse 
need of pupils who have begun to work on 
problems that they have formulated and 
towards the solution of which they have 
devised procedures to be followed in the 


laboratory. Squads, pupils from basic and 
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elective biology courses, contestants for the 
Science Fair, Westinghouse, and Future 
Scientists of America awards work here. 
The club program functions to meet 
certain specific needs. Students are en- 
couraged to write articles summarizing the 
results of their project work for a depart- 
mental publication, the Journal of Biology. 
Student editors gain experience in selecting, 
editing and arranging materials for publi- 
cation in addition to handling the business 
details. In the Experimental Society stu- 
dents engage in experimental work. They 
are motivated through reading, presentation 
of pupil progress reports of projects and 
through talks given by biology teachers 
and outside speakers. The Field Biology 
Club prepares exhibits of specimens col- 
lected on frequent field trips. Members 
exchange field notes and report on meetings 
that they have attended of adult science field 
societies, such as The Entomological Soci- 
ety, Torrey Botanical Club, Linnaean Soci- 
ety. The Biology Society is attended by 
interests in 


students with generalized 


Biology. The program of the society in- 
cludes pupil reports and demonstrations, 
panels, film showings, talks by members of 
the faculty and by outside speakers. Stu- 
dents usually progress from the Society to 
one of the specialized biology groups when 
they have developed special interests. 

Science week-end trips, co-sponsored by 
the Biology Department and the school 
Fathers’ Club make the vast science re- 
sources of the out-of-doors available to stu- 
dents under expert teacher leadership. 
Trips are usually scheduled for Saturdays 
to natural areas in or near New York City. 
The program for the day includes a morning 
theme, such as a fossil hunt, followed by 
lunch, rest and recreation. The afternoon 
may be devoted to the investigation of life 
in a fresh water pond. 

A curriculum for the talented biology 
student provides opportunity for students 
showing unusual promise to be apprenticed 


to practicing biologists. Our students have 
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STUDENTS 


worked during vacations and after school 
with members of the staffs of the American 
Museum of Natural History, the Haskins 
Laboratory, Montefiore and Mt. Sinai 
Hospitals, Columbia University and Sloan- 
Kettering Cancer Institute. 

Visits of individuals and groups to vari- 
ous scientific institutions and laboratories 
engaged in biological research are encour- 
aged. 

Talented students are apprised of special 
opportunities for summer scientific study 
at such institutions as the Jackson 
Memorial Laboratory in Maine and the 
Worcester Foundation in Massachusetts. 

Career guidance meetings, to which per- 
sonnel from colleges, universities, industry 
and the professions are invited, help in 
giving information and advice to the science 
talented. 


REACTIONS 4 


on 


A curriculum for the talented biology 
student such as has been described should 
be available not only in specialized science 
and technical schools but in suitable measure 
in all schools having one or more classes 
for the science talented. 

Few developments in science have the 
geopolitical significances of an artificial 
earth satellite. However, let us be reminded 
of the tremendous impact on basic problems 
of mankind that products of biological re- 
search, such as Salk vaccine, antibiotics, 
ACTH, and psychopharmacologic drugs 
have had. Our curricula in_ biological 
science must be designed to encourage the 
youth of America to develop their talents 
and to stimulate them to make their contri- 
bution to the alleviation of suffering and 
to the solution of vexing biological prob- 
lems that presently confront man. 


STUDENTS REACTIONS TO HIGH SCHOOL SCIENCE * 


R. R. HAun 


Drake University, Des Moines, Iowa 


oe public concern about the num- 
bers of students taking science in this 
country pre-dates the Sputniks by more 
than a year. Science educators were con- 
cerned long before that, as indicated in the 
Mallinson ' Committee Report of 1953, the 
study of W. C. Kelley ? reported in Physics 
Today in March, 1955 and numerous other 
reports such as those of the office of edu- 
cation. But in early 1956 the articles ap- 
pearing in newspapers and magazines and 
references in public discussions to the de- 
cline in student enrollments in science 
courses became so numerous that a general 
public concern was evidenced. A logical 
question arises as to why this decline has 
occurred and we decided to attempt a survey 
of student attitudes toward science. A first 


* Paper presented at the Thirty-First Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, February 21, 1958. 


study was made in 1956 in our own classes 
which numbered about two hundred stu- 
dents. Several of these students wanted to 
continue the study as part of their project 
work, so they expanded it to include some 
other college classes and a number of classes 
in the local high schools. This report in- 
cludes the data which they collected and 
some extensions of the interpretations which 
they placed upon it. 


THE INSTRUMENT USED 


The instrument used was developed in 
the following manner. A pilot study of one 
small section was made by asking the stu- 
dents to give their reactions to some of our 
hypotheses about the way they were coun- 
selled in high school and the kinds of science 
courses which were given. Then the stu- 
dents wrote their opinions about why more 
students did not take high school science. 
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On the basis of the results of this pilot study 
the instrument here shown was devised and 
was used with all the groups studied. 

As can be seen by examining the instru- 
ment, a reference was first made to the dis- 
cussion then rampant in the periodicals 
about the decline in science education. 
Then the question was raised about the 
possible causes for this decline. Student 
attitudes were asked with the implication 
that general group attitudes, not just the 
individual personal attitudes, were desired. 
To avoid the hesitancy many individuals 
have in making categorical yes and no 
answers or in making judgments to include 
or exclude absolutely everyone, options were 
given for marking a statement “true” or 
“generally true” and “seldom true” or 
“false.” In studying the responses, counts 
were made of the four possible answers, 
but conclusions have been based upon the 
assumption that “true” and “generally true” 
can be counted together; and likewise, 
“seldom true” and “false” can be com- 
bined. 

It will be noted that some ideas are put 
in positive statements and others in negative 
statements. This was done in an effort to 


y 


cience courses are hard 
Science is not interesting 
Science has no value for non-technical vocations 


Students want easy courses 


High schools do not have enough equipment, space 


or teaching time for science 


Science courses are too extensive and complicated 


Too many science teachers are poor teachers 


Science courses require too much time and work 


Teachers advise most students not to take science 


Students are afraid of science 


Most students razz other students who express an 


interest in science 


All students should take a biological science 


All students should take a physical science 
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prevent the respondent from developing a 
pattern of marking every item in the same 
place because of any prejudicial opinion or 
mindset. 

Related questions were not always placed 
together, because it was thought that this 
might minimize the tendency for an answer 
to one question to influence the answer to 
the next, and also that this arrangement 
would require more careful attention on 
the part of the responder. Students were 
asked to give the number in their graduating 
class, since they would probably know this 
number more accurately than any other 
indicating the size of their high school. 


ATTITUDES TOWARD SCIENCE 


Recently there has been much discussion 
in the newspapers, magazines and elsewhere 
concerning a decline in science education, 
particularly in the percentage of high school 
students taking science. 

There are probably several reasons for 
this, one of which may be the reaction or 
the response to the science now being given. 
We are therefore trying to make a survey 
among high school and college people con- 


Seldom 
True 


Generally 


True True False 
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cerning their opinions about the study of 
science. 

Please tell us what you think about the 
study of science by checking, in the spaces 
provided, your agreement or disagreement 
with the statements below; or by writing 
any statement which will express your 
opinion better. 


(Check One) 


I am a senior ...., junior ., sopho- 
more ...., freshman ...., teacher .... in 
high school ...., college My major 


or best liked subject is 
The courses I have taken, or am taking, 


are: (check next two lines) High School 
.. General science ...., Biology ...., 
Physics ...., Chemistry..... 


Others (write in) 
College 
The approximate number of students in 
my high school graduating class is...... 
My ideas about science which are not ex- 
pressed above are: (continue on opposite 
side of page) 

In addition to the specific opinions and 


attitudes asked, request was made for other 
comments which would express the student’s 
opinions better. This was not done very 
frequently, so that little information was 
gained from it. As can be seen from the 
blank, the student was asked to give his 
school rank, his major interest, his high 
school science courses, and also his science 
courses if in college. 

College students to whom the blank was 
given were specifically instructed to answer 
in terms of their high school experiences. 
Whether they were able to do this and 
whether it makes any difference if they 
thought about high school or college science 
might easily be challenged, but the instruc- 
tions were so given, partially because the 
discussions current at the time were about 
high school science and partially because 
this would obviate any feeling that their 
responses would reflect upon their current 
courses and instructors. 
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STUDENT SAMPLES STUDIED 


The following groups of students were 
used for this study in order to obtain a 
variety of backgrounds and major interests. 
Students who should have differences in 
science interests were relatively easy to 
obtain at Drake University, since in both 
the biological science and the physical 
sciences divisions there are general edu- 
cation courses designed for and taken by 
students who are non-science majors, as 
well as the standard departmental science 
courses for science majors. To obtain stu- 
dents primarily interested in science the 
general 
biology 


chemistry class and the general 
Both of 
are taken only by students who 
expect to major in the science departments 
or eventually go into the professional schools 


class were used. these 


courses 


of pharmacy, medicine and engineering. 
The chemistry course is a ten semester hour 
course in inorganic chemistry and quali- 
tative analysis and the biology course an 
eight semester hour course. Both have the 
announced objective that they shall be 
thorough and rigorous, so that non-science 
majors generally elect to stay away from 
them. There were 112 students in these 
classes who answered the questionnaire ; 78 
in chemistry and an additional 34 in biology. 
Some of the students in biology had previ- 
ously answered it in their chemistry class. 

The non-science students in the study 
were those taking the general education 
courses in biological and physical sciences. 
The science students are well excluded, since 
the physical science course cannot be used 
in any science sequence and the biological 
science course only occasionally when the 
student decides to change to a science major. 
Both 
courses with laboratory. These classes gave 
a total of 348 students. 


in both categories are taken mainly by 


courses are eight semester hour 


All of the courses 


freshmen and sophomores. 

The high school sample included students 
in a non-required biology class and students 
in required history classes in two of the 
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larger high schools of Des Moines. The 
total number of high school students was 


254. 
DATA AND CALCULATIONS 


Several summarizing tables of the re- 
sponses are shown below. All figures are 
percentages of the respective samples, the 
number of students in each sample being 
given at the top of the column. The first 
table shows the results obtained when all 
students from high school and college are 
grouped together. Successive tables show 
the results obtained from various subgroups. 

Attitudes Toward Science. On the basis 
of the responses obtained, these students 
seem to be thoroughly convinced that science 
is important, valuable, and interesting for 
all students whether they are following 
science vocationally or not. Nearly 90 per 
cent of them agreed that science is interest- 
ing and that science has value even for 
non-technical vocations. About 80 per cent 
agreed that all students should take biologi- 


TABLE I 
Att Strupents, High ScHoot AND COLLEGE 
N =714 
True False 

Science courses are hard 75.8 24.2 
Science is not interesting 11.1 88.9 
Science has no value for non-technical 

vocations 12.2 87.8 
Students want easy courses 67.4 32.6 
High schools do not have enough 

equipment, space or teaching time ‘ 

for science 55.7 44.3 
Science courses are too extensive 

and complicated 29.3 70.7 
Too many science teachers are poor 

teachers 45.5 54.5 
Science courses require too much 

time and work 42.1 57.9 
Teachers advise most students not 

to take science 5.0 95.0 
Students are afraid of science 61.8 38.2 


Most students razz other students 
who express an interest in science 9.5 90.5 
All students should take a biological 


science Se. i7.3 
All students should take a physcial 
science eS 2.5 
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cal science and physical science, although 
some differences in percentages between 
high school and college groups exist which 
will be shown in another table. 

Attitudes Toward Teachers and High 
School. More variation between the groups 
studied will be shown later on the items 
relating to the high school facilities, but 
for the total group only a little more than 
half of them say that their facilities are not 
adequate. Seventy-four per cent deny that 
their teachers are poor. That most stu- 
dents are advised not to take science is 
denied by an amazing 95 per cent. Whether 
these students included their counsellors 
with their teachers or whether the figures 
would be different for counsellors than class- 
room teachers is a question not covered by 
the blank. 

Attitudes Towards Others and Them- 
selves. In view of the highly quoted news- 
paper report that students call others, 
“squares,” if they are interested in mathe- 
matics and science, the responses to the 
eleventh item is exceedingly interesting. 
To an extent of 90 plus per cent, for the 
total, all groups deny that “Most students 
razz others who express an interest in 
science.” 

A reflection on themselves is to be seen 
in the fact that over two-thirds of the stu- 
dents agreed that “Students want easy 
courses” and nearly as many said “Science 
courses require too much time and work.” 
This latter item, however, may have more 
significance in the next category. 

Attitudes Toward Science Courses. It 
is in the attitudes toward science courses 
that the responses to the questionnaire are 
more uncertain. Seventy-five per cent of 
the students say science courses are hard, 
but this percentage varies with the amount 
of science taken, as will be shown later. 
Nearly two-thirds of them say that students 
are afraid of science. But on the other 
hand, 71 per cent of them say that science 
courses are not too extensive and com- 


plicated. 
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Table 


into 


are broken 
The first 
columns give the responses of the high 


II the 
the 


In responses 


down three groups. 
school students only; the second are those 
from the college students who are not 
majoring in science; and the third are the 


college science majors. 


STUDENTS REACTIONS 
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Since these would seem to be inconsistent 
with their own interests in science, it is 
possible that their answers indicate their 
opinions about why others do not take more 
science. 


Also, the science students show higher 


TABLE I] 


Statements 


Science courses are hard 

Science is not interesting 

Science has no value for non-technical vocations 

Students want easy courses 

High schools do not have enough equipment, space, 
or teaching time for science 

Science courses are too extensive and complicated 

Too many science teachers are poor teachers 

Science courses require too much time and work 

Teachers advise most students not to take science 

Students are afraid of science 

Most students razz other students who express an 
interest in science 

All students should take a biological science 

All students should take a physical science 


It will be observed that the responses of 
the three groups vary little on the items: 

Science has no value for non-technical 
vocations. 

Teachers advise most students not to take 
science. 

The differences in the following, although 
sometimes small, seem to indicate that the 
college science majors regard their high 
teachers, and 
courses as less satisfactory than they are 


school’s science facilities, 
regarded by the non-science majors and 


the high school students. 


High schools do not have enough equipment, etc. 
Too many science teachers are poor teachers 


The science students also mark in higher percentages the 


about science and science courses. 


Science courses are hard 

Science courses require too much time and work 
Students are afraid of science 

Students want easy courses 


percentages in their agreement that all 
High School College 

Science 

Non- Majors Majors 

N = 254 N = 348 N = 112 
True False True False rrue False 
67.3 32.7 79.2 20.8 86.4 13.6 
12.2 87.8 11.6 88.4 5.4 94.6 
14.1 85.9 11.4 88.6 11.6 88.4 
68.1 31.9 70.0 30.0 77.7 22.3 
42.1 57.9 60.2 39.8 73.0 27 .0 
25.4 74.9 36.1 64.9 18.5 81.5 
9.8 90.2 35.9 64.1 33.3 66.7 
35.4 64.6 45.2 54.8 47 .4 52.6 
aa 96.8 6.8 93.2 3.9 96.5 
40.3 59.7 60.4 29.6 65.2 34.8 
7.5 92.5 13.1 86.9 2.7 97.3 
76.0 24.0 86.6 13.4 86.4 13.6 
67.9 32.1 82.3 17.7 91.0 9.0 


students should take science courses, with a 
slight tendency to give preference to physi- 
cal sciences, while the high school students 
show preference to biology. 

One of the students, Kirk Hayes, who 
made further studies with the questionnaire 
analyzed one set of papers in terms of the 
size of the high schools from which the 
responders came. The papers came from 
112 high schoois which he separated into 
four groups; high schools with graduating 


classes under 50, those from 51 to 100, 
from 101 to 200 and from 200 up. Com- 
High School College Students 
Non-Science Science 
42.1 (true) 60.2 73.0 
9.8 35.9 33.9 
negative attitudes on items 
67.3 79.2 86.4 
35.4 45.2 47.4 
40.3 60.4 65.2 
68.1 70.0 77.7 
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parison of the responses to the individual 
items of the questionnaire gave no signifi- 
cant trends even on the item relating to 
high school facilities, so the rest of the 
papers were not analyzed on the basis of 
high school size. 

Two other students, Marilyn Miley and 
Darle Whisler, studied the high school 
papers in terms of the majors expressed 
by the high school pupils. Several para- 
graphs from the summary in their report 
follow. 


“The students majoring in college preparatory 
courses (science, mathematics, English, foreign 
languages, history, and fine arts) generally do not 
believe that science courses require too much time 
and work. The ratio is about 2 to 1 or 3 to 1. 
The strongest trend is in the math majors with a 
4 to 1 ratio. Students classified under homemak- 
ing, woodshop, business, and mechanical drawing 
are just about evenly divided on the question. The 
people who are undecided as to a major disagree 
with the statement in the ratio of 2 to 1. 

“In the average ratio of 2 to 1 students agree 
that science courses are hard. However, science 
majors are about evenly divided on the question, 
but the almost unanimous opinion of English 
majors is that science courses are hard. 

“We feel that the answers to the statement 
‘Students want easy courses’ are based on the 
individual’s feeling about other students rather 
than on his own attitude toward hard courses or 
easy courses. About 67 per cent of fine arts and 
homemaking majors agree that students want 
easy courses. The opinions of students majoring 
in other fields were evenly divided between the 
two sides. 

“These conclusions cannot be regarded as defi- 
nite and final because of the relative scarcity of 
the data. They are more useful in opening up 
areas for further study.” 


SUMMARY AND DISCUSSION 


The study of the responses to this ques- 
tionnaire by 714 high school and college 
students seems to indicate that a very high 
percentage of them believe that the study of 
science is valuable, interesting, and im- 
portant for all students. 

About three fourths of them deny that 
their high school science teachers are poor 


teachers. The percentage is higher for the 
high school students but the college students 
tend to become a little more critical about 
these teachers as they advance in science. 
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They almost all deny that teachers advise 
them not to take science. Likewise, they 
almost all deny that students razz other 
students who express an interest in science. 
Concerning the high school facilities for 
science, over half of the high school students 
say they are adequate but the college stu- 
dents tend to be more critical particularly 
those who major in science when they get 
to college. 

The indications from this study as to 
why more students do not take science 
would be that the courses given are to blame, 
at least in part. They, in good numbers, 
say that science courses are hard and that 
students are afraid of science; although in 
this connection, it cannot be overlooked 
that they also say that many students want 
easy courses. Nearly half of them agree 
that science courses require too much time 
and work and nearly a third say the courses 
are too extensive and complicated. 

In view of the indications from this study, 
it would be worth while to study further 
why students say that our courses are too 
hard and demanding. Is science neces- 
sarily hard and if so can youth be challenged 
to the difficult; or if it is not necessarily 
hard, how have we made it hard and 
how do we avoid making them unneces- 
sarily difficult? Is it possible that the 
courses have become too extensive and 
demanding? Do not our modern textbooks 
seem to justify this criticism? Is it possible 
that there are levels of science development 
at various age levels which are not as 
generally understood as well as the levels of 
reading or the levels of achievement in 
mathematics? And, finally, with all the 
excitement that Sputniks, armaments, poli- 
tics and public sentiment are now develop- 
ing about science, is it not important that 
science teachers find more meaningful and 
permanent ways to enthuse students for an 
area of knowledge which is so limitless in 
possibilities, so intellectually challenging, 
and so satisfying to the individual who 
achieves in it? 
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AN ANALYSIS OF THE MATHEMATICAL CONCEPTS 
NECESSARY FOR THE COLLEGE PHYSICAL 
SCIENCE COURSE * 


HERBERT HANNON 


Western Michigan University, Kalamazoo, Michigan 


i we purpose of this paper is to analyze 
the physical science course at We-.tern 
University to determine the 
mathematical concepts with which the stu- 


Michigan 


dent must be familiar in order to understand 
the physical concepts involved in the course 
material. It is not the purpose of the writer 
to justify nor to criticize adversely the 
mathematical content of such a course but 
rather to point out a possible source of 
student difficulty. 

The outline workbook [1] prepared by 
the physical science staff at Western con- 
stitutes the outline of the material to be 
studied and includes a wealth of questions 
and exercises. This is supplemented with 
adequate references to 3 well-known physi- 
cal science textbooks [2, 3,4] for primary 
reference materials. Additional references 
are also desirable and are available in the 
college library. 

The material presented in this paper re- 
lates then directly to the outline above and 
to the ex.ent to which the reference books 
are similar the findings will apply to them 
as well. 

If a physical science course is to consider 
the quantitative aspects of nature, mathe- 
matical concepts must be presented to the 
student near the beginning of the course. 
It is essential that the student study weights, 
measures, conversion factors from one 
system to another, and relationships between 
variables since it is with these basic concepts 
that physical principles are established and 
About 
3 weeks are usually, spent in developing 


generalizations are finally obtained. 


necessary mathematical skills and processes. 


* Paper presented at the Thirtieth Annual Meet- 
ing of the National Association for Research in 
Science Teaching, Hotel Claridge, Atlantic City, 
New Jersey, February 16, 1957. 


With this understanding in mind, the writer 
analyzed arbitrarily pages 19 to 35 of the 
outline to catalog the mathematical terms 
which they contained. Mathematical terms 
were defined according to a set of criteria 
worked out jointly by the writer and the 
The fol- 


lowing terms with such mathematical impli- 


late Dr. Raleigh Schorling [5]. 
cations were found on page 19 of the out- 
line: 


doubtful figures 
estimate 


measurement 
data 


computations cm. 

depend position 
accuracy digit 

length rounded off 
smallest subdivision area 
largest span width 


dimension 
calculate 
appropriate number 


significant figures 
record 

sure figures 

On succeeding pages these additional terms 
were found 


quantity cylinder 

unit(s) quadratic equation 
axis circumference 
horizontal pi 

vertical thickness 

triangle time 

slope velocity 

difference function 

volume curve 


experimental data 
linear equation 
graphical value 
verbal statement 


ratio 

scale division 
position 
plotted points 


X-axis diameter 
y-axis distance 
circle constant 


average 


formula inverse 


direct compare 
symbol equation 
notation graph 
points denary 


unknown 
prope »rtion 
power 


relationship 
most probable 
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No attempt was made by the writer to 
further analyze the outline to determine the 
complete mathematical vocabulary needed. 

It is evident however, that all of these 
terms are not elementary concepts. In fact 
certain of them, such as quadratic and 
function for example, might not be en- 
countered by a student except in advanced 
At least 
in the case of one of these terms, the word 


high school mathematics courses. 


function, there has not been common agree- 
ment even among mathematicians as to a 
precise definition and one may find many 
variations in the definition as used by text- 
book writers [6]. 

That the student has not had adequate 
“exposure” to many of these terms becomes 
evident to the teacher of the physical science 
course—but he must proceed with the course 
work on the assumption that the examples 
and situations presented in the course will 
be adequate to “fix” sufficiently the under- 
lying mathematical concepts involved in the 
physical situations to be studied and permit 
the student to make the desired generali- 
zations. 

In the remainder of the paper, funda- 
mental concepts needed for the physical 
science course are catalogued with the 
mathematical implications which they con- 
tain. 

It would seem to be appropriate to start 
with the gathering and analysis of data. 
This implies the preparation of tables and 
the construction of graphs from these data. 
The necessary graphs may be classified as 


1. the broken line 
2. the bar graph 
3. the direct proportion (y=kx) 


4. the inverse proportion y= 5 
5. the linear equation y=kx+b 
6. direct variation of higher degree y—kx? 
7. inverse variation involving a higher degree 
k 
y=—s 
x2 


These graphical concepts are introduced by 
means of data gathering in well chosen 
physical situations; the data are then ana- 


lyzed by means of well recognized methods 
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numerical 
These may be summarized as 


of expressing relationships. 


. the table of related values of the variables 

. the construction of the graph as a means of 
expressing pictorially the relationship among 
variables 

3. the verbal statement of the relationship exist- 
ing among the variables 

4. and finally the equation or formula which 

precisely expresses this relationship. 


1 
2 


It will be noted that in each of the graphical 
expressions of relationship referred to 
above, it is implied that only 2 variables, a 
dependent and an independent variable, are 
to be considered. In most physical situa- 
tions however the number of variables is 
3 or more. This would seem to imply that 
in the latter situations these “extra” vari- 
ables must be considered as being held con- 
stant to study the effect upon a physical 
situation of allowing one experimental fac- 
tor to vary at a time. This makes a 2-di- 
mensional graph possible and is entirely in 
agreement with a scientific method of in- 
quiry. It is not likely that in nature such 
an ideal set of conditions will exist even 
though such a situation may be approached 
in the laboratory. Also the study of the 
effect of the individual variables upon the 
total physical picture may be quite different 
from the results anticipated when interaction 
factors among the variables are considered. 

Noting then that several additional vari- 
ables are usually present in the above ideal- 
ized graphical situations and that each rela- 
tionship of variables portrayed by physical 
phenomena ultimately may be expressed by 
means of an exact formula, the relationships 
studied in the physical science course at 
Western might be expressed by the follow- 
ing generalized formulas. In each case the 
mathematical relationship and an example 
of a formula which is represented by it is 
listed. 


mathematical concept formula 
Lly=k C=<e0D 
9 
2. y=kx+b F=7C+32 
Dy 
3. y=k(x+ cc) C= 9 (F — 32) 
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k k 
4.3=- == 
x v 
a r= kx* A = rR? 
k oe 1 
6. y= x2 => 
d< ea kxy A =% bh 
x E 
8. z=k—- (== 
Vv R 
9. z=kxy? KE = ¥% mv? 
x E 
10. z=k-, m= 
y? 2 
xy fd 
ll. w=k— P=k— 
Zz t 
XV mMe 
12. w=k— G=>=k-— 
z* d? 
xy? a mv? 
13. w=k— CF =k— 
z r 
Additional formulas from the physical 


illustrate 
ach of the concepts listed and perhaps 
additional and more complicated relation- 
ships are inferred in the materials covered 
as well. 


science course may be found to 


Perhaps the most important outcome to 
a student in any course in physical science 
in the general education program is not to 
be found in his ability to obtain precisely 
the numerical relationships involved in a 
natural situation but is to be found rather 
in his ability to understand the overall pic- 
ture of the relationship among the natural 
forces which surround him, how these 
physical principles may affect the activities 
in which he may engage, and finally how 
he might use this knowledge to work with 
nature in achieving his desired goals rather 
than working at odds with it. 

Some examples of the implications in- 
volved in a relatively simple physical rela- 
tionship may serve to emphasize the above 
concept. For this purpose the writer will 
first analyze the distance, time, and rate 
relationship i. D= RT. When a rela- 
tionship among variables is expressed ex- 
plicitly and specific values for each of the 
independent variables is given, the value of 
the dependent variable is completely deter- 
mined. It represents usually a single value 
out of an almost infinite set of possible 
results which might be obtained by letting 


MATHEMATICAL CONCEPTS 


ut 
w 


all of the independent variables change value 
continuously and simultaneously. 

For example if we substitute into the 
formula D= RT, R=20 and T=2, a 
unique value of 40 is obtained. From this 
single answer little in the way of implication 
or generalization can be obtained. We 
might further analyze the result when 
R = 40 and T = 1, also when R = 10 and 
T = 4 in each of which cases the answer is 
again 40. Many other choices of values of 
R and T could be used to obtain this single 
answer of 40. And of course 40 represents 
only one of an infinite number of possible 
products of R and T. 


the independent variables is allowed to vary 


Thus when each of 


simultaneously, a variety of answers is 
obtained which increases in complexity as 
the number of independent variables in- 
creases. The complete graph of such a 
relationship has as many dimensions as the 
total number of variables involved and can- 
not be geometrically illustrated for more 
than 3 variables. Thus the complete graph 
for D = RT is a 3 dimensional surface. 
We then of necessity usually study the 
relationship by holding one of the 3 vari- 
ables constant while analyzing the effect 
which one of the remaining variables has 
upon the other. Which variable we hold 
constant of course determines the type of 
variation which results and the type of 
graphical solution which we will obtain. 
D=kT or D=kR result in a 


variation in which R and T are held con- 


direct 


stant respectively. 


k a k ; . 
R= T and T — R result in an inverse 
XN 


variation in which D is held constant in 
each case but the dependent and independ- 
ent variables are reversed. In the former 
cases we obtain a straight line graph having 
a slope of k (for constant rate or constant 


time). The slope of the line is thus equal 


sos 
to the ratios = or — 
| R 


ever D is held constant an inverse propor- 


res] vectiy ely. lf how- 


tion results in which the product RT or TR 
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is constant and the graph is a curved line 
descending to the right and representing 
that portion of a rectangular hyperbola 
which is in the first quadrant of space. 
Perhaps one additional example is needed 
to further illustrate the complexity of ideas 
involved. 


, in Py 

In the formula CF = — , if we are to 
er 

consider “g’’ as a constant this formula 

kxy* 


A 4 dimen- 





illustrates the type w = 


sional geometric model would be required 
to graph all of the values of the 3 independ- 
ent variables and the resulting position 
obtained for the 4th or dependent variable. 
This is beyond our ability to construct or 
our experience to interpret if we were able 
to construct it since we are 3 dimensional 
creatures. 

However we might label this an example 
of joint and inverse variation involving one 
independent variable of second degree: 
which is admitting that the forces which 
determine our ability to remain in a pre- 
determined circular path are very complex 
indeed. 

Again, for purposes of study, scientific 
procedure requires that we analyze the 
effect of a single independent variable in a 
given physical situation. This means that 
we must attempt to hold all of the other 
independent variables constant to determine 
the effect of varying this single factor in 
the total picture. This implies that our 
analysis calls for all of the numerical situa- 
tions inherent in the preceding example 
with the additional type CF =kv*. The 
effect of changing the squared independent 
variable by increasing and decreasing its 
value are noted in the following table 

If v is 1, the C.F. is 1k 

when v is increased to 2, the CF is in- 
creased to 4 k 

similarly if v is increased to 3, the CF is in- 
creased to 9 k 

again if v is increased to 4, the CF is in- 
creased to 16 k 

and so on. 
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Inversely 


If v is decreased to 1/2, the CF is de- 
creased to 1/4k 
again if v is decreased to 1/3, the CF is de- 
creased to 1/9 k 
and finally if v is decreased to 1/4, the CF is de- 
creased to 1/16 k 
and so on. 


where “k” is a predetermined constant de- 


“c 


pendent upon holding “g” and “r” and “m” 
constant. 

Finally if all availables except “r” are 
held constant, the implications to be drawn 
by an auto driver for example may help to 
save his life, for the force which tends to 
pull the auto out of its circular path varies 
inversely with the radius of the turn in the 
highway and increasing the radius of the 
circle in which he is turning will of course 
decrease the C.F. and add to his safety. 

In the opinion of the writer, unless the 
student is able to draw such conclusions and 
implications from these formulas which 
apply directly to his everyday living, the 
value of a physical science course may be 
seriously questioned. 

The complete analysis of the course con- 
tent by the writer resulted in obtaining the 
following list of mathematical skills which 
he felt were implied as the result of the 
selection of material for the course. 


MATHEMATICAL SKILLS NEEDED BY THE PHYSICAL 
SCIENCE STUDENT 


1. An understanding of and an ability to com- 
pute with whole numbers, fractions, and 
decimals. 

2. Ability to compare numbers by means of 
ratios and proportions. 

3. Ability to evaluate constants of variation 

from empirical formulas in which the rela- 

tionships among the variables are known. 

Finding averages. 

Ability to convert from one system of 

measurement of variables to another. 

6. Acquaintanceship with an ability to com- 

pute with denominate amounts. 

Ability to construct and interpret the simple 

graphs listed above. 

8. Ability to solve linear equations of the form 
y =kx, y= mx+b, and y=m (x+c) 

9. The solution of a quadratic of the form 
y = kx? 
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10. Ability to substitute values for the vari- 
ables in higher powered equations of the 
types listed above. 

11. A knowledge of simple percentage concepts. 

12. Ability to find the equation which repre- 
sents the relationship among the variables 
expressed by certain graph types. 

13. Mathematical maturity. This includes 
ability to draw conclusions and make the 
necessary implications and generalizations 
from data presented. 


CONCLUSIONS 


The following conclusions are based upon 
the preceding analysis of the physical science 
course as presently taught at Western 
Michigan College. 

1. The frequency of occurrence of mathe- 
matical implications is great. By actual 
count approximately 60 per cent of the 
exercises listed involve computation and/or 
require the making of generalizations in- 
volving mathematical concepts. 

2. The number of different mathematical 
skills needed may be determined however 
and does not constitute a large number of 
different skills. 

3. These skills may be obtained by a study 
of the traditional material in a course in 
High School Algebra if additional emphasis 
is placed upon direct and inverse variation, 
functions and their graphs, interpretation of 
data and the ability to generalize. 

4. The understanding of physical princi- 
ples requires a great deal of mathematical 
maturity which can be obtained only when 
a given mathematical principle is presented 


in a variety of situations. 


RECOM MENDATIONS 


The following recommendations would 
seem to be justified on the basis of the 
preceding findings and conclusions. 


MATHEMATICAL CONCEPTS 


wn 
un 


1. All students taking the physical science 
course should be required to show a certain 
proficiency in the skills listed above as a 
prerequisite to the course. 

2. A course in Basic Mathematics at the 
college level in which these skills are stressed 
should be provided for those students who 
do not meet these minimum mathematical 
requirements. 

3. The physical science teacher should be 
especially conscious of the difficulty which 
many students have in making conclusions 
involving mathematical implications either 
explicitly or implicitly. 

4. A booklet should be prepared in which 
the mathematical principles outlined above 
are carefully developed with specific ex- 
amples applying to the physical sciences. 
Such a booklet might be titled “Basic 
Mathematics Required for the Physical 


Science Course.” 
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THE MATHEMATICAL PROCESSES NEEDED IN LEARNING 
HIGH-SCHOOL CHEMISTRY AND HIGH-SCHOOL 
PHYSICS * 


J. Bryce Lockwoop 
Highland Park Junior College, Highland Park, Michigan 


PURPOSE 


+ yar purpose of this study is to determine 
which of the various mathematical skills 
and processes are necessary for the learning 
of high-school chemistry and high-school 
physics. 


METHODS EMPLOYED 


It is a generally accepted belief that high- 
school students often avoid chemistry and 
physics because of the level of difficulty: of 
the mathematics content in these courses. 
This is more likely true of physics than 
chemistry. Hence, many educators have 
suggested that non-technical courses, using 
a minimum of mathematics, should be sub- 
stituted for the present courses in order to 
attract students who would ordinarily avoid 
chemistry and physics. 

Apparently with this 
Steuber? studied four classes in physics, 
two of which approached the course quali- 


view in mind 


tatively, while the other two used a quanti- 
tative approach with a considerable amount 
of mathematics. He presents some evidence 
that indicates that students of physics suc- 
ceed as well on tests of physics which 
include both qualitative and quantitative 
problems whether there has been much or 
negligible emphasis on mathematics. 


* A research report prepared in partial fulfill- 
ment of the requirements of the degree of Master 
- of Arts at Western Michigan College, Kalamazoo, 
Michigan, and presented at the Thirtieth Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Claridge, Atlantic 
City, New Jersey, February 15, 1957. 

1 Alfred C. Steuber, “The Effect of Reducing 
the Mathematical Treatment of Physics.” Un- 
published master’s thesis, University of Chicago, 


1941. Pp. 142. 


56 


However, not all who are in the field 
agree that a high level of mathematics ability 
is necessary for learning high-school chem- 
After 
investigator 


istry and high-school physics. 
number of experiences the 
decided to undertake this study in order 
to determine whether or not the assumption 


a 


underlying the belief that students avoid 
chemistry and physics because of the high 
level of mathematics content may be justifi- 
able. 

A careful examination was made of seven 
high-school-chemistry and high- 
school-physics textbooks, in order to deter- 
mine the mathematical processes needed for 


eight 


an understanding of all the text and for 
successful completion of all the end-of- 
chapter problems and activities. A tally 
was then made for the processes thus 
located. The selection of textbooks was 
arbitrarily limited to those having copy- 
right dates of 1950-56. The results of the 
tally are summarized in Table I and Table 


IT. 


The following textbooks were selected 
for study. 


Chemistry Textbooks: 
1. Brownlee, Raymond D., Fuller, Robert W., 
Whitsit, Jesse E., Hancock, William J., and 

‘ Sohon, Michael D., Elements of Chemistry. 
Boston: Allyn and Bacon, 1950. 
+ 703. 

Dull, Charles E., Brooks, William O., and 
Metcalfe, H. Clark, Modern Chemistry. 
New York: Henry Holt and Company, 
1954. Pp. xi + 587. 

Hogg, John C., Alley, Otis E., and Bickel, 
Charles L., Chemistry: A Course for High 
Schools. New York: D. Van Nostrand 
Company, Inc., 1953. Pp. xi + 772. 

Jaffe, Bernard, New World of Chemistry. 
New York: Silver Burdett Company, 1955. 
Pp. ix + 677. 

Lanford, Oscar E., Using Chemistry. 


Pp. xviii 
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York: McGraw-Hill Book Company, Inc., 
1955. Pp. xiii + 721. 

6. Rawlins, George M., and Struble, Alden H., 
Chemistry in Action. Boston: D. C. Heath 
and Company, 1956. Pp. viii + 591. 

7. Weaver, Elbert C., and Foster, Lawrence 
S., Chemistry for Our Times. New York: 
McGraw-Hill Book Company, Inc., 1954. 
Pp. 666. 





Physics Textbooks: 

1. Baker, D. Lee, Brownlée, Raymond B., and 
Fuller, Robert W., Elements of Physics. 
Boston: Allyn and Bacon, 1953. Pp. x + 
677. 

2. Blackwood, Oswald H., Herron, William B., 
and Kelly, William C., High School Physics. 
Boston: Ginn and Company, 1951. Pp. viii 
+ 6/1. 

3. Burns, Elmer E., Verwiebe, Frank L., Hazel, 
Herbert C., and Van Hooft, Gordon E., 
Physics: A Basic Science. New York: D. 
Vn Nostrand Company, Inc., 1954. Pp. 
xi + 546. 

4. Dull, Charles E., Metcalfe, H. Clark, and 
Brooks, William O., Modern Physics. New 
York: Henry Holt and Company, 1955. 
Pp. viii + 712. 

5. Marburger, Walter G., and Hoffman, 
Charles W., Physics for Our Times. New 
York: McGraw-Hill Book Company, Inc., 
1955. Pp. 570. 

6. Marcus, Abraham, Physics for Modern 
Times. New York: Prentice-Hall, Inc., 
1952. Pp. xxi + 762. 

7. Neilson, Ole A., and Winans, John G., 
Everyday Physics. Boston: Ginn and Com- 
pany, 1952. Pp. ix + 614. 

8. Ruchlis,s Hyman and Lemon, Harvey B., 
Exploring Physics. New York: Harcourt 


Brace and Company, 1952. Pp. 647. 
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FINDINGS 


Obviously, such processes as signed num- 
bers and the four axioms, topics usually 
introduced in a first course in algebra, as 
well as basic arithmetical processes are used 
extensively in both chemistry and physics 
textbooks. Hence, an exact count of sucl 
processes was impractical. These are listed 
in the tables and are labelled “extensive.” 

Examination of Table I shows that the 
processes used most in the text of the 
chemistry textbooks, in order of frequency 
of use, are: chemical equations, ratio pro- 
portion and variation, percentage, and 
formulas; and those in end-of-chapter ac- 


+ Reference is made here to the addition, subtraction, multiplication and division axioms necessary in the solution of formulas and equations. 
Statistical tables are referred to here. 


t This process includes linear, quadratic, and inverse square formulas. 
** Reference here is made to incomplete quadratic equations in which there appears no first degree term of the unknown. 


§ Simultaneous equations are of the substitution type. 
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§§ This process includes simple ratio, direct and inverse proportions, and use of conversion factors. 


{ Statistical graphs and equation graphs are included in this process. 


i Exponential Notation refers to the expression of large and st 
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tivities are: ratio proportion and variation, 


chemical equations, formulas, and percent- 
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age. 
quently. 

It should be noted that the 
processes usually considered to be advanced- 


Other processes are used less fre- 
none of 


mathematical processes, at the high-school 
level, were found in the textbooks surveyed. 

It may be seen from Table II that the 
processes used most in the text of the 
physics textbooks, in order of frequency of 
use, are: formulas, conversion factors, 
graphs, nuclear equations, vectors (graphi- 
cal solution), and ratio proportion and 
variation; and those in end-of-chapter ac- 
tivities are: formulas, conversion factors, 
vectors (graphical solution) inverse square, 
angular measure, percentage, and ratio pro- 
portion and variation. Other processes are 
used less frequently. 

It should be noted that the processes 
usually considered to be advanced-mathe- 
matical processes, at the high-school level, 
such as logarithms, trigonometric functions, 
simultaneous equations, and quadratic equa- 
tions are used infrequently. Further, it 
should be pointed out that only incomplete 
quadratic equations are used, and the simul- 
taneous equations presented are of the sub- 
stitution type and are utilized in derivation 
of formulas in the text. 
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CONCLUSIONS 


In so far as the data in this study are 
valid, the following conclusions seem de- 
fensible : 

1. It would seem, if the primary function 
of the first course in algebra is preparation 
for chemistry and physics, that in the 
algebra course emphasis should be placed 
on those mathematical processes used most 
frequently in these courses. 

2. It appears that students successfully 
completing the first course in algebra have 
no valid reason for avoiding chemistry and 
physics because of the level of difficulty of 
mathematics content of these courses. 

3. The quantitative approach to chemistry 
and physics probably should be retained, 
since deletion of mathematics from these 
courses would deprive the student of valu- 
able experiences in the application of mathe- 
matics to problems in chemistry and physics. 

4. The results of this study seem to indi- 
cate that the assumption underlying the 
belief that some students avoid chemistry 
and physics because of the high level of 
mathematics content of these courses is not 
valid. 


EXPERIENCES WITH A PHYSICAL SCIENCE COURSE AT 
THE TENTH GRADE * 


Netson L. Lowry 


Arlington High School, Arlington Heights, Illinois 


URING the last ten years we have been 
D taking a critical look at our science 
program in an attempt to find ways in which 
more science opportunities can be provided 
for all students to develop their potential 
abilities in science. We desired to increase 
the number of students taking science and 
to find ways of teaching more science with- 

* Paper presented at the Thirty-First Annual 
Meeting of the National Association for Research 


in Science Teaching, Hotel Sherman, Chicago, 


Illinois, February 20, 1958. 


out repeating what the student had already 
experienced. Our high school science pro- 
the 


sequence of courses—general science at the 


gram was traditional with common 


ninth grade level, followed by biology, 
chemistry, and physics. 

Elementary schools in the high school 
district had been encouraged to teach—and 
were teaching—1more science. There seemed 
to be a repetition of much of the material 


in the ninth grade general science that had 
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already been covered in the elementary 
school program. The high school needed to 
recognize that the elementary schools were 
doing an acceptable job of science teaching ; 
and to do this, there needed to be some 
change in the teaching of science in the high 
school. 

siology, as it was taught, was found to 
be more successful as a ninth grade subject 
than general science. This age group was 
presented with experiences in which they 
were interested, and at the same time, we 
were meeting certain state requirements for 
all ninth graders. Biology was not a repe- 
tition of science experiences in the elemen- 
tary school. 

In the sequence of courses, a physical 
science course was developed for the tenth 
grade. Physical science courses as such 
were not new. It was found that most exist- 
ing courses were designed as non-college 
preparatory courses, for those students with 
below average ability, or as general edu- 
cation courses. The high school was in- 
terested in a science program that would 
be for all students: (1) as a terminal course 
for those that would take no more science 
in high school and (2) as a foundation 
course for those students that would enroll 
in chemistry and physics. The approach 
for these two groups was somewhat differ- 
ent, but experience had shown that many 
students wanting physical science as a termi- 
nal science course did go on into the ad- 
vanced courses, and many students inter- 
ested in the more advanced courses in the 
ninth and tenth grade were really not in- 
terested in, and in some cases not capable 
of, additional work in science. 

Physical science, as now taught in the 
tenth grade, is a basic course in the foun- 
dations of the physical sciences and the 
application of these concepts to the experi- 
ences of the student. It includes some work 
in astronomy, geology, and meterology, with 
major emphasis in physics and chemistry. 
The class usually spends two periods a week 
in the laboratory, using the chemistry and 
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physics equipment. The manner and degree 
in which the various units are covered are 
flexible and are determined by ability, in- 
terest, and needs of the students, as well as 
interests of the teacher. 

The first physical science course outline 
was a composite of materials and informa- 
tion supplied by teachers, science textbook 
materials, and recommendations of the sci- 
ence teachers. The school was fortunate in 
having on the staff an experienced science 
teacher who was interested in developing 
a good program of physical science at the 
tenth grade level. None of the physical 
science textbooks available when the course 
started, or those published since, seem to 
fit into the program which we have devel- 
oped. The general feeling is that the ma- 
terial included in present textbooks is too 
elementary and discussion of many topics is 
too general. The present textbooks, how- 
ever, have been found acceptable for the 
slower classes. 

For the fast and accelerated classes, there 
has been a problem in selection of adequate 
materials. The physical science teachers, 
in general, feel that the greatest need at 
the present time is for a good textbook in 
physical science for the average, as well as 
for the accelerated classes. It is this group 
of students, the scientists of tomorrow, that 
are being provided with inadequate ma- 
the 


Teachers are attempting to meet the needs 


terials when they should have best. 
of better students by using certain chemistry 
and physics textbooks, not now used in the 
regular classes, to supplement the physical 
science course. In the accelerated sections 
students are issued both a high school 
physics text and a high school chemistry 
textbook. 

During the first years of the course, ac- 
crediting agencies, colleges, and universities 
questioned credit being given to students 
taking a physical science course at the tenth 
grade level. It is now accepted as a year 
of science for a major or minor in most 


colleges and universities and accepted by 
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accrediting agencies as a part of the science 
curriculum. Course outlines have been pro- 
vided wherever requested. 

Science teachers, as a group, are inter- 
ested in changing and improving the science 
curriculum. In too many cases, changes 
have been discouraged and progress hin- 
dered by school administration and accredit- 
ing agencies. We have a sympathetic school 
administration that encouraged attempts to 
improve the science curriculum. <A _ well 
planned course, that can be shown to have 
a definite place in the curriculum, will be 
accepted. Any teacher attempting to bring 
about any kind of a change must be able 
to defend his program and show that it has 
a definite place in the curriculum. This we 
did with physical science. 

Many high schools have become interested 
in a physical science course and the plan 
we have been following. A number of 
schools have changed their science curric- 
ulum and have developed similar science 
programs ; other schools have brought about 
variations in their science offerings. It 
may be that the approach now being used 
will be completely changed as more high 
schools make a critical study of their science 
teaching. 

The selection of a good teaching staff has 
posed a problem. Few teachers entering 
the system have a conception of what we 
are doing in physical science since most of 
their training has been in specialized fields 
of study. In selecting teachers it has been 
desirable to find those with interest in all 
phases of science and a strong background 
in the physical sciences. Teachers must be 
willing to adjust to a new situation and will- 
ing to cooperate with teachers already in 
the system and at the same time use some 
ingenuity in the program. Teachers now in 
the program seem to have a genuine interest 
in and a feeling of responsibility for the 
physical science course. 

Ability grouping of students is used in 
most subject areas in the school. In physi- 
cal science various criteria have been used 
for the placement of students in ability 
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groups. There has been dissatisfaction with 
all the methods tried. Recommendations 
by the biology teachers seem to be about 
as good as any found in placing students 
in physical science ability groups. Students 
having an interest in one subject area in 
science usually exhibit some of that same 
interest and ability in other science areas. 

This past fall one of the science teachers 
and a student teacher from the University 
of Illinois became interested in proper place- 
ment of students in ability groupings. In 
this study all available test scores were used : 
grades in mathematics courses, grades in 
other subjects, biology grades, and achieve- 
ment scores. They found that the highest 
correlation existed between grades in physi- 
cal science and grades received in biology. 
It was thought that there would be a high 
correlation between the ability that students 
showed in mathematics and science, but this 
does not seem to be true as far as physical 
science scores are concerned. 

Attempts have been made to critically 
analyze the program and evaluate what has 
been done. A graduate student from the 
University of Illinois, for his Ph.D. dis- 
sertation, attempted to study our program 
using control groups from similar schools. 
He was unable to find another school with 
a comparable program. General educational 
development tests, as well as specific area 
tests used, do not measure whether we are 
doing a better job of teaching science than 
another school. There seem to be too many 
variables. 

There has been increasing interest in 
finding some method of evaluation so that 
teachers may know whether or not their 
science teaching is comparable to other 
schools. Grades received from colleges for 
our graduates all indicate that students from 
this science program do as well as, or better 
than, they did in high school, but that does 
not give an accurate measure of success in 
physical science as offered in the high school. 

In a recent study of the members of the 
graduating class of 1956 entering college in 
the fall of 1956, it was found that there was 
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a substantial positive correlation between 
the grades received in high school in science 
and the grades received the first semester in 
college in science. 

Our student body is a mobile group with 
one fourth of the graduation class having 
started their high school career at another 
school. This has posed many problems of 
proper placement for counselors who work 
with incoming students. In the ninth grade, 
incoming students often have been enrolled 
in general science. In the past we have 
placed these students in physical science. 
Experience has shown that the above aver- 
age student can do the work; for others it 
has too often meant failure. We now have 
ninth 
grade general science to meet the needs of 


a section, the second semester, of 


this group. In the ninth grade about 6 per 
cent of those entering in the fall will transfer 
to other schools during the year, and at the 
same time there will be about 6.3 per cent of 
the students new to the school entering 
during the year. Those students transfer- 
ring to other schools, now enrolled in 
biology, usually can enter a biology class in 
their new school. 

Students in the tenth grade, entering the 
school during the year, usually have been 
taking biology and can be placed in one of 
the ninth grade biology sections without loss 
of time or credit. When students, now en- 
rolled in physical science transfer to other 
schools, they are often placed in a general 
science section. Proper placement of trans- 
fer students is always a problem; and for 
us it has increased since we no longer have 
the traditional sequence of science courses. 

A study of the graduating class of 1957 
gives a typical picture of the number of 
science courses students take in high school. 
In this class of 316 students, 60.7 per cent 
completed two or more years of science; 
35.3 per cent three years of science; and 
13.9 per cent completed four years of science 
while in high school. All students are re- 
quired to take one year of science-biology— 
as a ninth grade subject. 
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In a study of the present student body 
the following is true: 


1. All students take biology as a ninth grade 
subject. 

2. 47.5 per cent of 10th grade students take 
physical science (55 per cent take physical science 
before graduation). 

3. 28.4 per cent of llth grade students take 
chemistry (40 per cent take chemistry before 
graduation, some in the sophomore year). 

4. 17.1 per cent of 12th grade students are en- 
rolled in physics (10 per cent of the 12th grade 
students take zoology and botany). 

5. 64 per cent of the students are enrolled in a 
science course. 

a. 100 per cent of the ninth grade (865 in class) 

b. 58 per cent of the tenth grade (840 in class) 

c. 36.4 per cent of the 11th grade (629 in class) 
d. 41.2 per cent of the 12th grade (443 in class) 


In physical science classes 89 per cent of 
the group are in the tenth grade, 6 per cent 
in the eleventh grade, and 5 per cent are 
seniors. The course no longer is made up 
of students from one grade level. Upper 
class students are finding it to be a good 
terminal course second 


where a year of 


science is elected. The talented upper class 
students are encouraged to take chemistry 
or physics, but they do not always follow 
the suggestion. 

There are more boys enrolled in science 
than girls, as is true in most schools. Since 
biology is a required subject, the number 
is the same for boys and girls. In physical 
science, as an elective subject, girls make 
up 30 per cent of the group. Chemistry 
attracts fewer girls, 26.13 per cent of the 
total. 
the senior level, 70 per cent of the group 


In the advanced biology course at 
are girls. This is a select group of students 
who plan to enter college or expect to enter 
specialized fields of study such as nurses 
training. 

There was not an increase in the percent- 
age of students enrolled in physics and 
chemistry classes, as was hoped would result 
when the physical science course was de- 
veloped. The percentage of students en- 
rolled in these two subjects has remained 
about the same. There has been an increase 
in the amount of material covered and an 
improvement in the quality of work done 
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in both physics and chemistry courses. 
Students going on into these two subjects 
already have learned some of the elementary 
concepts, have been introduced to laboratory 
work, and have completed some experiments 
usually carried on in these courses. Each 
year there are a number of students enter- 
ing the chemistry and physics classes who 
have not had physical science. These stu- 
dents find it difficult to keep up with the 
class for the first months. Students enter- 
ing from other schools report that we are 
ahead of the class in their former school, 
even though we may be using the same 
text book. Students that successfully com- 
plete the accelerated sections of physical 
science are eligible for advanced placement 
courses in physics and chemistry. College 
level work is offered in these two courses, 
and students are considered for advanced 
placement and/or credit by many colleges. 

Physical science is not a required prereq- 
uisite for chemistry and physics, but it does 
serve as a preparatory course for more ad- 
vanced work and may stimulate those stu- 
dents with a sincere interest in science to 
take more science. 


CONCLUSIONS 


Physical science at the tenth grade level, 
following biology in the ninth grade, has 
been accepted as part of the high school 
science curriculum. The course is used 
both as a terminal course in science or as an 
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introduction to more work in chemistry and 
physics. Guidance and ability placement of 
students in sections has been found essential 
for success of the program. 

Present day textbooks are satisfactory for 
the slow or average student but have been 
found to be inadequate for the above average 
and talented student. 

Physical science at the tenth grade level 
has not increased the percentage of students 
enrolled in chemistry and physics. The 
work in these two courses has definitely 
been advanced beyond that usually offered 
in high school. It is the general feeling of 
the school administration and the staff that 
more science is being taught to more 
students. 

There is a need for comprehensive study 
of the science program to obtain a valid 
evaluation of the program as it is now 
organized. Records show what the high 
school graduates do in college ; their grades 
are comparable with those received in high 
school, but there are no records to show 
how they compare with students from other 
high schools. 

We will continue with our present science 
curriculum as long as it is the general feel- 
ing of the staff that we have a program 
which is meeting the needs of our students. 
When we see this is not true, it will be time 
to make more changes. We would like 
some valid method of measuring the success 
and value of physical science at the tenth 


grade level. 
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A PROPOSED PROGRAM OF PHYSICAL SCIENCE EDUCATION 
FOR NON-SCIENCE STUDENTS *7 


EctmMAN A. Morrow 
William Jewell College, Liberty, Missouri 


, ee purposes of the study were to; (1) 
determine the progress that is being 
made in the development of science courses 
adapted to the needs of the non-science 
student; (2) secure the opinions of experts 
in the physical sciences as to the conditions 
under which physical science courses 
adapted to the needs of the non-science 
student should be offered; (3) develop and 
propose general objectives for the physical 
science education of non-science students ; 
and (4) develop a program of physical 
science education adaptable to the needs of 
the non-science student. 

Originally, copies of a questionnaire were 
sent to 568 institutions of higher learning to 
ascertain what was being done in the 
sciences to meet the needs of the non-science 
contacted were as 


student. Institutions 


follows: 
Repies By Type INSTITUTION 


Institutions Institutions Per Cent 





Type Institution Contacted Replied Replying 
State universities 82 43 52 
Independent 

universities 131 66 50 
Independent 

colleges 211 132 62 
Teachers colleges 68 45 66 
Junior colleges 76 27 35 
Totals 568 313 55 


After a detailed study of the returned 
questionnaires, an opinionaire was prepared 
and sent to 40 respondents who had indi- 
cated willingness to participate in the second 


* Paper presented at the Twenty-Ninth Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, April 21, 1956. 

+ Based on the Author’s doctoral study, A Pro- 
posed Program of Physical Science Education 
for Non-Science Students, submitted in partial ful- 
fillment of the requirements for the Ed.D. degree, 
University of Wyoming, August 1955. 
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phase of the study. Institutions represented 
by the 37 consultants on this phase of the 
study were as follows: 


INSTITUTIONS REPRESENTED BY CONSULTANTS 





Number 
Type Institution Represented 
State universities 6 
Independent universities 7 
Independent colleges 13 
Teachers colleges 8 
Junior colleges 3 
Totals 37 


SUMMARY OF THE STUDY 
The Objectives of Science Education for 
the Non-Science Student. 
for the course in physical science as pro- 


The objectives 


posed by the experts are in substantial 


agreement with those that the reporting 
institutions are striving to attain. These 
objectives are in keeping with the broad 
objectives of general education. The ones 
most frequently listed are : 


1. To gain an understanding of science as it 
relates to every-day living. 

2. To gain a broad understanding of science by 
providing a core of scientific knowledge. 

3. To develop various scientific attitudes of mind 
and appreciations of the values of science. 

4. To develop an understanding of the scientific 
method and the facility for its application. 

5. To acquire the ability for judging the merits 
of a case whereby one’s opinions and decisions 
can be made without prejudice. 


Conditions in the Colleges. Data from 


the questionnaire indicate that : 


1. Approximately 87 per cent of the 313 insti- 
tutions included in the study are attempting to 
meet the science needs of their non-science stu- 
dents through special or programs. 
Thirteen per cent of the institutions require the 
non-science student to select science courses from 
the regular science offerings. 

2. Approximately 55 per cent of the schools 
provide separate integrated courses in biological 
and physical science while less than 10 per cent 


courses 
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attempt to present a single integrated course cover- 
ing the fields of biological and physical science. 

3. Over 22 per cent of the institutions attempt 
to provide for the science needs of their non- 
science students through special courses in the 
several science departments. 


The Single Integrated Science Course. 
In those schools offering the single course 
covering the fields of biological and physical 
science, the data indicate : 


1. The usual extent of the course is two semes- 
ters for which eight semester hours of credit is 
given. 

2. In 60 per cent of the cases it is required of 
non-science students; in 30 per cent of the cases 
it meets the total science requirements; and in 
30 per cent of the cases it may apply toward a 
science major. 

3. The content of the course varies greatly 
among the schools. The average percentages for 
topics commonly considered as falling within the 
major sub-divisions of science are approximately : 
Biology, 33 per cent; physics 22 per cent; chemis- 
try, 22 per cent; geology, 11 per cent; astronomy, 
10 per cent; and miscellaneous topics, 2 per cént. 

4. The survey-type course is employed in 45 
per cent of the schools, the block-and-gap type 
in 41 per cent and various other types in 14 per 
cent of the institutions. 

5. The block-and-gap type course is considered 
satisfactory by 84 per cent of its users, while the 
survey-type course is considered satisfactory by 
54 per cent of those using it. 

6. The lecture-demonstration method of instruc- 
tion is used most frequently, while the lecture- 
laboratory ranks second in popularity. Both 
methods are considered satisfactory by their users. 

7. Over half of the schools do not employ the 
laboratory. Respondents from several of these 
schools, however, stated that the laboratory should 
be employed for the optimum learning situation, 
but they have been unable to do so for several 
reasons. Among the reasons given were lack of 
personnel and facilities. 

8. The usual time allotted to laboratory work 
is two hours per week. This was considered as 
the correct amount by most of the respondents. 

9. Nearly 57 per cent of the institutions make 
use of standard textbooks, although many respond- 
ents feel that available texts are inadequate and 
much supplementary material is needed. In most 
instances a physical science text and a biological 
science text are used jointly. 

10. Approximately 43 per cent of the institutions 
rely upon locally prepared texts, manuals, or out- 
lines as the principal source of instructional 
material. 


Separate Integrated Courses in Biological 
and Physical Science. Over half of the 
institutions included in this study provide 
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for the science needs of their non-science 
students by offering integrated courses in 
both biological and physical science. These 
separate courses are easier to staff than the 
single integrated course and have the added 
advantage of well-written textbooks. In 
67 per cent of the institutions offering the 
integrated courses, both are required of the 
non-science student; 31 per cent of the in- 
stitutions permit the requirements to be met 
through the physical science course only; 
and 26 per cent require only the biological 
science course. Both courses are commonly 
two semesters in length and carry six 
semester hours credit. 

Since this study is primarily concerned 
with the improvement of the physical science 
education of non-science students, detailed 
information concerning the biological science 
course was not requested; consequently, 
much of the data which follow are limited to 
physical science courses. 

The Integrated Physical Science Course. 
The integrated physical science course may 
apply toward the science requirement for 
non-science students in 55 per cent of the 
institutions included in this study. Replies 
to the questionnaire indicate that : 

1. The usual extent of the course is two semes- 
ters for a total of six semester hours credit. 
Nearly two-thirds of the institutions allot two 
semesters and six or more hours to the course. 

2. The physical science course is the total science 
requirement for non-science students in 31 per 
cent of the institutions 

3. In 67 per cent of the schools offering inte- 
grated physical science courses, the science re- 
quirement includes a biological science course in 
addition to the physical science course. 

4. The percentage of time allotted to topics from 
the major fields of physical science vary greatly 
among the schools. The average percentages are 
approximately: Physics, 37 per cent; chemistry, 
27 per cent; astronomy, 16 per cent; geology, 14 
percent; meterology, 3 per cent; and miscellane- 
ous topics, 3 per cent. 

5. The survey-type course is used in 56 per 
cent, and the block-and-gap type course is used 
in 39 per cent of these institutions. 

6. Eighty-three per cent of the respondents who 
reported block-and-gap courses considered them 
satisfactory as compared to 64 per cent of the 
users of the survey-type course. 

7. The lecture-demonstration-laboratory combi- 














Fepruary, 1959] 


nation is the principal instructional method used. 
This combination is considered highly satisfactory 
by those who use it. The second most popular 
combination consisted of lectures, demonstrations, 
and discussion. A third satisfactory combination 
is limited to lectures and demonstrations. Lec- 
tures, when used as the sole instructional method, 
is considered unsatisfactory. The lecture-labora- 
tory combination received only slight recommen- 
dation. 

8. In the opinion of the respondents, laboratory 
has a definite place in the physical science course. 
Eighty-four institutions did not use the laboratory 
as an instructional method; however, only ten of 
these respondents considered the method used as 
being entirely satisfactory. 

9. The usual time allotted to laboratory work is 
two hours per week, although 16 of the institutions 
allot three or more hours to it while four limits 
it to one hour per week. 

10. An overwhelming majority of the respond- 
ents stated that two hours per week would be the 
correct amount of time to allot to laboratory work. 

11. Over 92 per cent of the institutions, in. this 
group, reported standard textbooks as the princi- 
pal source of instructional material, and over half 
of them employ locally prepared outlines or 
manuals as supplementary material. A total of 
19 different textbooks were reported. Most of the 
respondents were satisfied with the text they were 
using. 

Separate Courses in the Several Science 
Departments Adapted to Needs of the Non- 
Science Student. Over 22 per cent of the 
institutions included in this study attempt 
to meet the science needs of their non- 
science studies through specially adapted 
courses in the several science departments. 
Respondents from this group of institutions 
seem to feel that the integrated courses are 
too thin and attempt to cover too much 
material for effective assimilation. They 
are, however, of the opinion that the regular 
introductory courses are too deep for non- 
science students. In regard to the separate 
courses : 

1. An average of four departments offer such 
courses. Physics departments appear to be most 
active in providing such courses. Fifty-four per 
cent of the institutions limit enrollment in these 
courses to non-science students. 

2. Forty-eight per cent of the courses may apply 
toward a science major. 

3. The usual science requirement for the non- 
science student is 12 semester hours selected from 
two or more courses, usually from both phyical 
and biological science. 

4. Forty-seven per cent of these courses are 
taught as a survey course while 45 per cent are 
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taught as a block-and-gap course. Eight per cent 
of the schools use a “case-study” approach. 

5. Over half of the respondents who reported 
survey-type courses indicated that such courses do 
not provide for the science needs of the non-science 
students. In contrast, only four of the block-and- 
gap and one of the “case-study” courses are con- 
sidered unsatisfactory. 

6. Seventy-nine per cent of the courses contain 
some laboratory work. 

7. Fifty-three per cent of the courses are taught 
by the lecture-demonstration method, alone or in 
combination with laboratory and/or discussion. 

8. Lecture-demonstrations and laboratory work 
are considered necessary to the proper presentation 
of the course by nearly all of the respondents. 

9. The status of time devoted to laboratory 
work was about equally divided between two and 
three hours per week. A few schools reported 
four hours per week and one reported one hour. 

10. Nearly all of the institutions employ stand- 
ard textbooks in the courses, either as basic texts 
or for supplemental reading. Most of the texts in 
use are introductory in nature and non-mathe- 
matical in treatment of subject matter. 


Selection of Courses from Regular Sci- 
ence Offerings. Approximately 13 per cent 
of the respondent institutions require their 
non-science students to select courses from 
the regular science offerings. These insti- 
tutions are convinced that, for introductory 
science courses, the science majors and the 
non-science students need the same treat- 
ment. 

1. The usual science requirement for the non- 
science student is 8 to 10 hours. 

2. Approximately 60 per cent of these institu- 
tions permit the non-science student to satisfy 
science requirements through courses in a single 
department, often by a single course. 

3. The respondents recommend that courses in 
two or more departments be required, preferably 
divided between biological and physical science. 

The Survey of Expert Opinion. By 
means of an opinionnaire, the opinions of 
37 selected consultants were secured con- 
cerning the conditions under which an inte- 
grated physical science course should be 
offered for non-science students. 

1. The consultant concurred with the statement 
of objectives as listed by the respondents to the 
questionnaire. 

2. The consultants felt that there is need for 
an introductory physical science course that relates 
the facts and principles of science to the needs 
and interests of the non-science student; that 
students taking only one or two science courses 
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are not presented with an integrated point of view 
toward the sciences. 

3. They preferred an intensive study of selected 
units, selected problems, or practical applications 
of scientific methods as the type of course likely 
to prove most effective. 

4. They were opposed to the survey type course 
on the grounds that it is too thin and attempts 
to cover too much material. 

5. They recommend that basic laws and concepts 
should be emphasized in the course. They were 
likewise concerned with the development of scien- 
tific attitudes and the historical importance of 
scientific discoveries. ; 

6. Subject-matter content of the course was 
recommended to be divided roughly between the 
major sub-divisions of physical science as follows: 
Physics, 35 per cent; chemistry, 27 per cent; 
astronomy, 15 per cent; geology, 15 per cent; 
meterology, 6 per cent; and miscellaneous topics, 
2 per cent. 

7. Order of presentation of topics from the 
various sub-divisions of physical science was con- 
sidered important by the consultants although they 
failed to agree on any specific order. 

8. The consultants indicated that certain topics 
should be stressed in an integrated course. The 
topics overlap the boundaries of the usual science 
courses and all sub-divisions of physical science 
are included, however, topics from physics and 
chemistry predominate. 

9. They strongly recommend a combination of 
instructional methods including the lecture, demon- 
stration, discussion, and laboratory. They would 
devote slightly more time to laboratory than the 
respondents do. 

10. Teaching aids recommended, in order of 
recommended frequency of suggested use, were 
models, charts and maps, supplementary reading, 
sound film or film strips, flat pictures, field trips, 
student reports, outside speakers, and special 
problems or projects. 

11. A two-semester course, with a total of 8 
semester hours, was recommended. 

12. The course should be required of all non- 
science students. 

13. A biological science course should be re- 
quired in addition to the physical science course. 

14. Over half of the consultants recommended 
that a basic mathematics course be a prerequisite 
for the physical science course. 

15. The instructor for the course should be 
specially trained in a broad field of physical science, 
should hold at least a Master’s degree, and should 
have some background in most of the physical 
science areas. 

16. The teaching load for the instructor should 
be limited to 10 hours of lecture and three hours 
of laboratory per week. Class size should not 
exceed 50 students in lecture, 15 in discussion 
groups, and 18 in laboratories. 

17. The consultants would depend upon locally 
prepared syllabi as the principal source of instruc- 
tional material. 
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CONCLUSIONS 


In view of the rapid increase in scientific 
endeavor and the fact that most educators 
are agreed that all students should have 
some understanding of science as it relates 
to every-day living, the present writer con- 
ciudes that special courses should be de- 
veloped for non-science students as a part 
of their general education. 

The data indicate that the program of 
science education for the non-science stu- 
dent needs to be studied in the light of 
the objectives of general education for a 
number of reasons. 

1. Non-science students have a need for science 
education that relates the facts and principles of 
science to their every-day living. 

2. The science courses, as generally offered, 
are not adapted to the needs and interests of the 
non-science student. 

3. Students taking only one or two science 
courses are not presented with an integrated point 
of view toward the sciences. 

4. Conditions under which the courses are 
offered fail to attract the non-science student. 

From the data collected in the survey of 
conditions in the colleges and from the ex- 
pressed opinions of the consultants as to 
what their qualifications should be, it ap- 
pears that instructors in the integrated 
science courses are not properly prepared 
for their work. Most of them are highly 
qualified in a specific field of science but 
they are unable or unwilling to properly 
conduct a course that purports to relate the 
entire field of physical science to the needs 
of the non-science student. 

There appears to be a definite need for 
textbook revision since those presently 
available are either too difficult and technical 
for the non-science student or they have 
been “watered-down” to the extent that they 
no longer meet college standards. Much 
work is needed in curriculum development 
in integrated science courses for the non- 
science student. The selection of suitable 


topics for the integrated physical science 
course and their fusion into an integrated 
arrangement could well serve as the basis 
for improvement of textbooks in this area. 

The present writer has come to the con- 
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clusion that much further research is needed 
in the field of science education for the non- 
science student. It is his opinion that the 
regular introductory science courses cannot 
meet the needs of the non-science student 


and serve as preparation for more advanced 
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courses at the time. Due to the 


problem of staffing a single course covering 


same 


both physical and biological science, it ap- 
pears that the most hopeful solution would 
lie in the development of integrated courses 
in biological and physical science. 


ANNUAL MEETING OF THE ASSOCIATION FOR THE 
EDUCATION OF TEACHERS IN SCIENCE 


TEACHERS COLLEGE, COLUMBIA UNIVERSITY 
NEW YORK 27, NEW YORK 


NOVEMBER 7 AND 8, 1958 


OFFICERS 


President: GEORGE State Uni- 
versity Teachers College, Fredonia, New 
York 

President-elect: HARoLD E. TANNENBAUM, 
State University Teachers College, New 
Paltz, New York 

Secretary-Treasurer: WILLARD JACOBSON, 
Teachers College, Columbia University 


ZIMMER, 


EXECUTIVE COMMITTEE 


F, L. Fitzpatrick, Teachers College 


CHARLES Prewitt, Willimantic State 
Teachers College 
Rospert WICKWARE, Willimantic State 


Teachers College 


CONFERENCE REPORTER 


ABE Fiscu.er, Ossining Public Schools 


FRIDAY, NOVEMBER 7 
Room 256 THompson HALL 
THE IGY GOES INTO THE SCHOOLS 
Chairman: Grorce Z1ImMER, President A.E.T-.S. 
9:00-10:00 Registration and Coffee Hour 
10 :00- Welcome 
Willard Jacobson, Professor, 
Department of Teaching of 
Science, Teachers College, Co- 
lumbia University 
The Work of the U.S. National 
Committee of the IGY 
Mr. Stanley Ruttenberg, Chief 
of Program Office, U.S. Na- 
tional Committee of IGY, 
National Academy of Sci- 
ences, Washington, D. C. 
Mr. Arnold Frutkin, Director, 


10 :15- 


Office of Information, U.S. 
National Committee of IGY, 
National Academy of Sciences, 
Washington, D. C 

12 :30 Lunch 


Men’s Faculty Club, Columbia 
University, 117 Street and 
Morningside Drive, 3rd Floor 
South 

Address: “Trends in Secondary 
Education with Emphasis on 
Science Education”, 
Arno _ Bellack, 
Education, Teachers 
Columbia University 

Bringing the IGY Finding 

into the Classroom 

Chairman: Charles Prewitt, Willi- 
mantic State Teachers College 

Panel Members: Nelson 
State University Teachers 
College, Potsdam, New York 
Ellsworth Obourn, U. S. Office 
of Education, Washington, 
le 
John Read, Boston University, 
Boston, Massachusetts 
Rufus Reed, Montclair 
Teachers College, 
New Jersey 
Herbert Schwartz State Uni- 
versity Teachers College, New 
Paltz, New York 

Meeting of Officers and Board of 
Directors, Room 412 Teachers 
College Main Hall 

Dinner 
Men’s Faculty Club, 117 Street 
and Morningside Drive, New 
York 

Chairman: Harold E. Tannenbaum, 
President-elect, A.E.T.S. 

IGY—Past, Present and Future 
Speaker to be Announced 

Business Meeting 


Cafeteria 


Professor of 
College, 


2 :30-5 :00 into 


Beeler, 


State 
Montclair, 


5 :00-6 :00 


6 :30- 
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SATURDAY, NOVEMBER 8 
Att Day Fietp Trip to LAmMont GEo- 
LOGICAL OBSERVATORY, PALISADES, 
New YorK 


9:30-3:00 Leave for Field Trip from entrance 
to Teachers College Main Hall 
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promptly at 9:00 A.M. Meet 
at the Observatory, 10 A.M. 
The field trip will be under the 
leadership of Dr. Jack Oliver 
of the Lamont Laboratory. 
Emphasis will be on the work 
that has been done and is cur- 
rently being done in relation to 
the IGY program. 


REPORT OF ASSOCIATION FOR THE EDUCATION OF 
TEACHERS IN SCIENCE 


ABE FISCHLER 
Ossining, New York 


AS I.G.Y. draws to a close, the impact of 
new scientific discoveries and the new 
ways of working with our world neighbors 
are having a marked effect on the scientific 
world. Realizing the significance of these 
developments, the theme of this year’s 
A.E.T.S. conference was The 1.G.Y. Goes 
into the Schools. On Friday and Saturday, 
November 7 and 8, 1958, the A.E.T.S. met 
at Teachers College, Columbia University, 
to find out some of the work that had been 
done and was being carried forward, and to 
make plans for bringing this material into 
American classrooms. 

Two of the major contributors to the 
work of the conference were Mr. Stanley 
Ruttenberg, Chief of Program Office of 
I.G.Y., and Mr. Arnold Frutkin, Director 
of the Office of Information for I.G.Y., 
both on the staff of the National Academy 
of Science, Washington, D.C. Mr. Rutten- 
berg outlined the work that was being 
carried out during the I.G.Y. program. He 
listed the various disciplines that were in- 
volved in the overall work of the committee 
and explained the significance of each of 
them. It was most interesting and impor- 
tant to note their diversity. The twelve dis- 
ciplines which have played major roles in 
the year’s work are: 


Seismology Latitude and Longitude 
Gravity Aurora Airglow 
Glaciology Ionospheric Physics 


Oceanography 
Meterology 
Cosmic Rays 


Geo-Magnetism 
Solar Activity 
Rockets and Satellites 

Mr. Ruttenberg emphasized the extreme 
importance of the interrelationships among 
these varied disciplines to the work of the 
committee. For one thing, these are com- 
paratively new areas of study. Until re- 
cently, there was no such person as a “gla- 
ciologist.” So men who are now studying 
ice and snow formations are bringing varied 
backgrounds of learning and experience to 
this new study. These varied backgrounds 
are very useful in throwing new light and 
wider understanding on the problems of ice 
and snow. In like manner, each of the other 
disciplines is finding much broader fields 
from which to draw. The consequent sci- 
entific information is much more general in 
scope and application. 

Of equally great importance was the inter- 
national cooperation with its consequent 
savings to all people and its much broader 
coverage of the problems. For the first 
time in history a truly world-wide coverage 
of such problems as ocean depth, climate, 
size and shape of the earth and many other 
important phenomena was undertaken and 
carried through by world scientists. As in- 
teresting examples of this development, Mr. 
Ruttenberg pointed out that there are ap- 
proximately 30 tracking stations for the 
satellite projects scattered all over the globe 
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and that there are 12 nations participating 
in the Antarctic studies. The results have 
been such as to indicate the kind of coopera- 
tion which is possible among nations when 
they are working on problems which are of 
interest and mutual concern to all of them. 

Mr. Frutkin took up where Mr. Rutten- 
berg left off. He discussed the work being 
done by the I.G.Y. committee on the prepa- 
ration of materials for educational use. It 
is the contention of the 1.G.Y. committee 
that widespread education related to its 
work is as important as the work of the 
scientists itself. These problems must not 
only be solved, but information about the 
solutions must be disseminated to as many 
people as possible. For this reason, the 
I.G.Y. committee has established three 
means for the dispersal of its collected in- 
formation. They are preparing 13 half-hour 
color films: one on the overall I.G.Y. proj- 
ect and each of the others devoted to one of 
the disciplines studied. They have prepared 
a series of posters related to these disci- 
plines together with a teacher’s manual ex- 
plaining suggested uses for these display 
materials. Finally, an I.G.Y. bibliography 
has been published which lists all of the 
printed material available through the I.G.Y. 
national office. 

Of interest were the criteria used to 
develop these materials. There was to be 
no overemphasis on science, which was to be 
kept in its proper perspective in our whole 
society. The material was to be informa- 
tional in nature and, of course, technically 
accurate. Lastly, scientists were to be 
represented in a realistic way. 

The luncheon meeting was held at the 
Men’s Faculty Club where a change of 
pace was brought about by speaker Arno 
Bellack of Teachers College, Columbia Uni- 
versity, whose topic was “Trends in Sec- 
ondary Education.” He maintains that 
secondary education is “on the spot.” This, 
however, is highly desirable because it is 
only through debate that things get settled. 
Our major problem today is “What shall 
be taught in the high schools?” There are 
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currently two basic proposals: first, organi- 
zation of a program built around life needs 
—developmental tasks, community living, 
etc., and second, organization of a program 
built around three major areas in which 
youth lives (social affairs, nature, and per- 
sonal introspection) and their interrelation- 
ship. Both of these make the assumption 
that what is taught must be functional, 
sensible to the student, and of value in the 
future. 

Mr. Bellack advocates a synthesis of these 
two approaches which would combine the 
advantages of both. It is important to 
utilize the intellectual tools of inquiry and 
creativity, as well as our cultural resources. 
His plen is a “mainstream” organization 
consisting of problems in everyday living 
(problems in the round), which would have 
four tributaries leading into the “main 
stream.” These four areas would be social 
science, physical and natural science, hu- 
manities, and mathematics; each would be 
autonomous. In this way, through a co- 
ordinating seminar, we could hope to edu- 
cate “all-American youth.” This is related, 
on the one hand, to specialization in differ- 
ent areas and on the other, to the program 
of general education. 

The afternoon session consisted of a panel, 
“Bringing the I.G.Y. Into the Classroom.” 
Participating were Mr. Nelson Beeler, Mr. 
Ellsworth Abourn, Mr. John Read, Mr. 
Herbert Schwartz, and Mr. Charles E. Pre- 
witt as moderator. 

Generally, it was felt that 1.G.Y. 
important factor in science today and should 
enter the classroom. It could help to show 
the interrelationship of all the various dis- 
ciplines in science. 


Was all 


Science is dynamic 
and its concept of truth is changing as indi- 
cated, for example, by the new evidences 
supplied by I.G.Y. 

The importance of creating problems for 
students and utilizing the problem solving 
method was stressed, Also, the excitement 
in science comes only through hard work 
and practice. Wherever possible, demon- 


strations of quantitative work within the 
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children’s understanding should be utilized. 
The 1.G.Y. gives us an opportunity to 
move out of the classroom. By having the 
students identify various objects in space, 
and look for the different satellites, we can 
enlarge their environment. Also, by intro- 
ducing the telescope, we can move into a 
more meaningful discussion of optics, etc. 
Such questions as “Why does a satellite 
stay up?” and “How does it send informa- 
tion down to us?” can develop into wonder- 
ful lessons, and create most challenging 
Teachers should be 
aware of all these future possibilities. 


classroom situations. 


A lively discussion followed the formal 
panel. The group felt that there is a definite 
need for research in the following areas: 

1. How can we prepare youngsters to live in a 
changing world? (Importance of creating prob 
lems as well as solving them.) 

2. The role of the science specialist. 

3. Adequate background for science teachers. 

4. Development of better techniques in the high 
school. 


Our dinner meeting was also held at the 
Faculty Club, where Mr. William O. Field, 
Director of Exploration and Field Service, 
American Geographic Society, spoke on 
glaciology or the study of snow and ice. 
Its importance lies partly in the role it 
plays in the earth’s heat and water budget. 
Our glaciers are indicators of climatic 
change; they are a geological agent con- 
The 


study of glaciology is a team effort because 


taining a great deal of past history. 


of the numerous disciplines involved. 

Superb color slides of the Arctic and 
Antarctic regions were shown. 

On Saturday, about 35 members visited 
the Lamont Geological Observatory, situ- 
ated on the brink of the palisades of the 
Hudson River at Palisades, New York. Dr. 
Jack Oliver, acting as guide, informed the 
group about the work at the observatory 
and some of the projects underway at the 
geophysical and geochemical laboratories. 
Other facilities include a biological and 
oceanographic laboratory, the good ship 
Vena, which is presently at sea. 
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On the Vena, information about three 
quarters of the earth underwater is being 
gathered. ‘The underwater surface of the 
earth is explored by echosounding, under- 
water photography and bottom-raking sam- 
ples. Much about the crustal structure 
under ocean bottoms is learned from seismo- 
graphic studies obtained after detonating 
TNT charges at various distances and di- 
rections from the Vena. Other techniques 
used on the Vena involve core-taking to 
depths of 50 feet into the bottom, measure- 
ment of gravitational variations, measure- 
ment of temperatures and heat radiation 
variation, and measurement of ocean cur- 
rents at various depths. 

The equipment in the geophysical labora- 
tory includes 23 seismographs. Most of 
these are set up in groups of three oriented 
to detect incoming oscillations in the east- 
west, north-south and vertical directions. 
Different groups of seismographs are at- 
tuned to different frequencies for maximum 
sensitivity to the various types of earth 
shocks. A greatly magnified tracing of the 
arth movements during a quake are made 
on photographic paper by a light beam re- 
flected from a mirror on the seismograph. 

The geochemical laboratory contains ma- 
for making precise 
analyses of rock samples. Of special in- 
terest were the techniques used for dating 
Both Carbon 14 and 
Uranium-Lead-Radon methods were being 


chinery extremely 


fossils and rocks. 


used. 

Throughout the trip, Dr. Oliver and other 
staff members impressed us with the im- 
portance of cooperation between local and 
establishments in 
search for solutions to the kinds of problems 


distant geological the 
which they are studying. Through the 


1.G.Y. organization Lamont is receiving 


and disseminating needed information much 
more efficiently than before. 
due to better coordination of studies and 
the establishment of new facilities in key 
Dr. Oliver hopes the I.G.Y. can 
be extended a little longer—perhaps 40 or 
50 years! 


This is partly 


localities. 
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REPORT OF THE BUSINESS MEETING OF 


A.E.T.S. 


November 8, 1958 

The annual meeting of the Association for 
the Education of Teachers in Science was 
held at Teachers College, Columbia Uni- 
versity, November 7 and 8, 1958. A copy 
of the program is in the files of the Associa- 
tion. 

The following officers and members of the 
Executive Committee were elected : 


President, George Zimmer, University of the 
State of New York, at Fredonia. 

President-Elect, Harold Tannenbaum, 
versity of the State of New 
College at New Paltz. 

Vice-President, Herbert Schwartz, University 
of the State of New York, Teachers College at 
New Paltz. 

Secretary-Treasurer, Willard Jacobson, Teach- 
ers College, Columbia University (for a three- 
year term ending in 1961). 

Executive Commitiee: Frederick L. Fitzpatrick, 
Teachers College, Columbia University; Charles 
Prewitt, Willimantic State Teachers College, 
Fletcher Watson, Harvard University. 


Uni- 


York, Teachers 


The Association accepted the invitation 
of David Sarner to hold the Spring meeting 
at Temple University, May 1 and 2, 1959. 

The Fall meeting will be held at Teachers 
College, Columbia University, October 29, 
30 and 31, 1959. 

In the future, programs will be prepared 
by the President-Elect. As Vice-President, 
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he will present to the officers and Executive 
Committee a draft plan for a program for 
the following year at the annual meeting of 
officers and Executive Committee. Utiliz- 
ing their suggestions and help, he will de- 
velop the program, engage participants, etc., 
for the following year’s annual meeting. 
The host chairman will continue to plan 
the Spring meeting. 
The officers and 
the 
A.E.T.S. a national organization composed 


Executive Committee 


will explore possibility of making 


of regional groups such as the one that has 
been in operation for many years in the 


East. The following steps were suggested : 


1. A meeting should be held in conjunction with 
the 1959 meeting of N.S.T.A. to explore the 
challenges before teacher education in science and 
to plan for future development of the Association. 
This meeting would be open to all, but key leaders 
in science education would be invited to attend. 
2. A national meeting of A.E.T.S. would then 
be held in conjunction with the 1960 meeting of 


N.S.T.A. in Kansas City. 
3. The aim is the development of regional 
groups such as the one in the East. It was 


stressed that some key institution and some indi- 
vidual at that institution should provide continuity 
and take the responsibility for seeing that the 
regional group develops a continuing program. 
The Eastern Regional Group of A.E.T.S. 
would continue to hold its Fall meeting at 
Teachers College. It may also continue to 
hold Spring meetings at colleges and uni- 


versities in the region. 


A REPORT TO THE N.A.R.S.T. ON THE RELATIONSHIPS WITH 
THE AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE FOR THE YEAR 1957-8 * 


GEORGE GREISEN MALLINSON 


NARST Representative, Western Michigan University, Kalamazoo, 


INTRODUCTION 
(eg National Association for Research 
in Science Teaching maintained vigor- 
ously all the activities and relationships with 
* A report made by the N.A.R.S.T. Representa- 
tive on the Cooperative Committee on the Teach- 
ing of Science and Mathematics of the A.A.A.S. at 


the Thirty-First Annual Meeting of the National 
Association for Research in Science Teaching, 


Michigan 


the American Association for the Advance- 
ment of Science that began before and dur- 
ing 1956-57. The report that follows deals 
with salient affairs in three of the major 
areas, namely, (a) Activities with the Co- 


operative Committee on the Teaching of 





Hotel Sherman. Chicago, Illinois, February 21, 


1958. 
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Science and Mathematics of the A.A.A.S., 
(b) Participation at the Meetings of the 
A.A.A.S. Council, and (c) Symposium: 
Recent Research in Science Education, held 
at the One Hundred Twenty-Fourth Meet- 
ing of the A.A.A.S. in Indianapolis, Indiana 
on Friday, December 27, 1957. 
ACTIVITIES WITH THE 
MITTEE ON THE TEACHING OF 
AND 


COOPERATIVE 
SCIENCE 


COM- 


MATHEMATICS OF THE A.A.A.S. 


Meetings of the Cooperative Committee. 
During the past year the Cooperative Com- 
The 
first meeting was held on March 23 and 24, 
1957 in the Hotel Cleveland, 
Ohio. The second meeting was held on 
October 18 and 19, 1957 in the A.A.A.S. 
Building, Washington, D. C. 


mittee met on two separate occasions. 


Cleveland, 


The location 
of the meetings followed the general policy 
of meeting in Washington during the Fall 
and in the Midwest during the spring. 

The cost of your representative’s attend- 
ance at the meetings was borne by sources 
other than the N.A.R.S.T. treasury. 

Membership and Attendance at the Meet- 
ings of the Cooperative Committee. The 
membership of the Cooperative Committee 
is fairly stable. However, because many 


societies are iepresented, one or two 


persons are replaced each year. The mem- 
bership at present, as best as it can be 
ascertained by your representative, is as 
follows: 


J. W. Buchta, American Institute of Physics, 
Chairman 

C. L. Agre, American Chemical Society 

Henry H. Armsby, Engineers Joint Council 

S. Winston Cram, American Association of 
Physics Teachers 

Fred B. Dutton, Division of Chemical Education, 
American Chemical Society 

Alfred B. Garrett, Board of Directors, A.A.A.S. 

Phillip S. Jones, Mathematical Association cf 
America 

George G. Mallinson, National Association for 
Research in Science Teaching 

John R. Mayer, Science Teaching Improvement 
Program, A.A.A.S. 

Brother G. Nicholas, National Association of Bi- 
ology Teachers 

Fred H. Norris, Botanical Society of America 

W. E. Restemeyer, American Society for Engi- 
neering Education 
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Robert Stollberg, National Science Teachers 
Association 

Henry W. Syer, National Council of Teachers of 
Mathematics 

Wayne Taylor, A.A.A.S. Academy Conference 

Rernard B. Watson, Secretary 

Richard L. Weaver, American 
Society 

Harold E. Wise, Section Q (Education), A.A.A.S. 


Nature Study 


Generally several persons are present by 
invitation, some more or less on an ex- 
officio basis, others having reports to deliver. 
An example of such invited guests may be 
found in the minutes of the Washington 
meeting : 

John H. Behnke, The Ronald Press Company 
Joshua R. C. Brown, Assistant Director, Science 

Teaching Improvement Program 
Grant W. Smith, National Science Foundation 
R. M. Whaley, Educational Advisory Board, Na- 

tional Academy of Science—National Research 

Council 
Dael Wolfle, Executive Officer, A.A.A.S. 

The changes in the offices of Chairman 
and Vice-Chairman take place at the meet- 
ing in Austin, Texas, April 25 and 26, 1958. 

Activities of the Cooperative Committee. 
The activities of the Cooperative Committee 
are far too extensive to report here. 
Further, many activities are relatively un- 
important as compared with others. Hence, 
your representative has selected from among 
them those he deems most important. They 
follow : 

The Cooperative Committee approved the 
action taken by the Board of Directors of 
the A.A.A.S. in appointing Dr. John R. 
Mayor, Director of the Science Teaching 
Improvement Program as Director of Edu- 
cation of the A.A.A.S. A statement trans- 
mitted to Dr. Dael Wolfle on April 4, 1957 
and submitted to the Board of Directors 
indicates the attitude of the Cooperative 
Committee : 

“The Cooperative Committee is gratified to note 
the appointment of a full-time staff member of the 
A.A.A.S. to work on educational activities of the 
Association. For many years our committee has 
enjoyed a close association with the Board of 
Directors, both in advising on educational pro- 
posals submitted by the Board to the Committee, 
and in initiating proposals for consideration by 
the Board. In addition, we recognize our responsi- 
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bility to transmit ideas from and to the organi- 
zations which we represent. 

“In considering methods for increasing the 
effectiveness of the Committee we recommend that 
a mechanism be established for developing and 
activating proposals of the Committee through the 
new office of the Director of Education. This 
might include such matters recommended 
certification requirements for high school teachers 
of science now under study by the Committee and 
proposals to encourage stronger programs of 
science within the elementary schools. 

“In developing ideas and proposals the Com- 
mittee feels that it needs help to supplement the 
time and efforts supplied by its members. Funds 
would be useful to bring the Committee together 
more often (either as a whole or in subcom 
mitees) ; to provide secretarial help to the chair- 
man, and through him to the members; and to 
allow reproduction and more extensive circulation 
of committee reports.” 


as 


A Sub-committee on Elementary Science 
with your representative as chairman was 
appointed. During the year some proposals 
for activity were prepared. However, in 
light of the expressed interest of the Na- 
tional Science Foundation in supporting 
activities in elementary science, action was 
deferred until the policies of the N.S.F. in 
this field are established. 

The statement in the minutes more or less 
reflects the present views of the Cooperative 
Committee on elementary science. 

“Mallinson reported for the Subcommittee on 
Elementary Science. The subcommittee has sub- 
mitted a proposal to S.T.I.P. for a conference to 
explore the problems of science teaching in the 
elementary school. S.T.I.P. does not have funds 
for such a conference but would seek financial 
support from a foundation. There was some dis- 
cussion on the scope of the proposed conference— 
whether it should be limited to the training of 
elementary school science teachers or to the 
elementary school science program or should con- 
sider all aspects of elementary science. There 
was some discussion also of whether the A.A.A.S. 
has any unique contribution to make in the field 
of elementary science. No action was taken on 
the report of the subcommittee.” 


Another significant activity is the interest 
in teacher certification. Garrett reported 
for the Subcommittee on Accreditation and 
Teacher Certification. The subcommittee 
has reviewed the recommendations made 
by the Cooperative Committee in 1946 and 
is considering the effect of new course 
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structures, such as those coming out of 
N.S.F. summer institutes, on the prepara- 
tion of science teachers. The subcommittee 
plans to develop a set of ideal requirements 
as well as a set of minimum requirements 
which will take into account what can be 
realized under existing conditions of teacher 
shortages. Garrett requested funds for a 
meeting of the subcommittee at the time of 
the A.A.A.S. meeting in Indianapolis and 
for attendance of subcommittee members at 
national and regional meetings of the Na- 
tional Commission on Teacher Education 
to represent the views of scientists on 
teacher preparation in science and mathe- 
matics. Watson moved that transportation 
costs to Indianapolis be paid by the Com- 
mittee for those members of the Subcom- 
mittee on Accreditation whose travel costs 
are not paid for in other ways. Total trans- 
portation expenses paid by the Committee 
are to be limited to $500. The motion was 
seconded by Mayor and was approved. The 
chairman named Stollberg as an additional 
member of the Subcommittee on Accredi- 
tation. 

The interest of the Cooperative Com- 
mittee in teacher certification will no doubt 
continue. Your representative will keep 
you informed of its progress. 

In general, your representative is increas- 
of 


S.T.I.P. and the Cooperative Committee. 


ingly satisfied with recent activities 


There seems to be a greater cognizance of 
the need for dealing with the smaller colleges 
as well as with the larger universities. A 
report attesting to this fact is found in a 
recent issue of School Science and Mathe- 
matics.» * 

The favorable attitude toward education 


1 George G. Mallinson, “Promising Practices in 
Science Teacher Education: A Report from the 
Midwest Regional State College Conference on 
Science and Mathematics Teacher Education,” 
School Science and Mathematics, LVIII (Janu- 
ary 1958), 13-25. 

2John A. Brown, “Promising Practices in 
Mathematics Teacher Education,” School Science 
and Mathematics, LVIII (January 1958), 25-40. 
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of science teachers has increased. There 
seems to be a general recognition that this 
is a primary responsibility of science depart- 
ments in colleges and universities. Your 
representative is becoming more and more 
optimistic that the activities of the A.A.A.S. 
are embracing many more viewpoints of the 
N.A.R.S.T. than previously. There is evi- 
dence that the trend may continue. 


PARTICIPATION 
THE A.A.A.S. 


AT THE MEETINGS OF 
COUNCIL 


The N.A.R.S.T. by virtue of being a 
A.A.A.S. affiliate has a voice at the meet- 
ings of the A.A.A.S. Council. The Council 
met during the Indianapolis Convention on 
December 27 and 30 in the Chateau Room 
of the Claypool Hotel. An extensive report 
of the deliberations may be found under 
the heading, “A.A.A.S. Council Meeting, 
1957,” Science, CXXVII (February 21, 
1958), 297-400. 

Among the Council resolutions and re- 
ports are several that your representative 
believes may be mentioned here. 


“RESOLVED, that the Council of the A.A.A.S. ap- 
proves in principle the general adoption of the 
metric system of weights and measures. It tenders 
its cooperation to the British Association in any 
practicable efforts to further this objective.” 


Upon motion made from the floor, the 
above resolution was amended by the addi- 
tion of: 


“RESOLVED FURTHER, that a committee be ap- 
pointed by the American Association for the 
Advancement of Science to make a study of the 
most economic and feasible methods of changing 
over to metric usage in their own and allied flelds, 
to be reported upon at the next meeting of the 
A.A.A.S. in Washington.” 


“WHEREAS, it is desirable that financial con- 
tributions by the American people to the support 
of science and education be increased, and 
Wuereas, the tax incentives to make such con- 
tributions are relatively great for taxpayers in 
upper income brackets but decrease, relatively, as 
income tax liability decreases ; therefore, RESOLVED, 
that the Council of the A.A.A.S. favors such 
revisions of Federal and State income tax laws 
as will provide greater incentives to contribute 
to education and science.” 

“WHEREAS, there is a serious shortage of well- 
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qualified secondary school teachers of mathematics 
and science, and WHEREAS, the subject matter 
training of such secondary school teachers re- 
quires a program substantially different from the 
regular courses in either subject matter or edu- 
cational methods; therefore Resotvep, that the 
A.A.A.S. advocate that institutions of higher edu- 
cation establish programs of study in mathematics 
and science especially designed with emphasis on 
subject matter to meet the needs of secondary 
school teachers. Depending upon the educational 
policy of the institution and the requirements of 
a particular state, the program of study may be 
designed to lead to a master’s degree or to some 
alternative arrangement of courses and credits 
necessary to accomplish the purpose of the pro- 
gram.” 


SYMPOSIUM : RECENT RESEARCH IN SCIENCE 
EDUCATION—HELD AT THE ONE-HUNDRED 
TWENTY-FOURTH MEETING OF THE 
A.A.A.S. IN INDIANAPOLIS, INDIANA ON 
FRIDAY, DECEMBER 27, 1957 


The venture of the research symposium 
was the fourth effort of 
N.A.R.S.T. Successes in Berkeley, Cali- 
fornia, 1954; Atlanta, Georgia, 1955; and 
New York, New York, 1956 prompted 
another effort at Indianapolis. The pattern 


annual the 


of the meeting was the same as that at 


previous meetings. The program was as 


follows: 
FRIDAY MORNING, DECEMBER 27 


9:30 A.M. Monte Carlo Room, Hotel Continental : 
Symposium: Recent Research in Science Edu- 
cation. Arranged by George G. Mallinson, 
Dean, School of Graduate Studies, Western 
Michigan University. 


Georce G. MALitnson, Presiding 


1. “Review of Recent Research in Elementary 
Science Education.” Jacqueline Buck Mal- 
linson, Western Michigan University. 

2. “Implications of the Findings of Recent Re- 
search in Elementary Science Education,” 
Muriel Beuschlein, Chicago Teachers Col- 
lege. 

3. “Review of Recent Research in Secondary 
Science Education,’ Herbert A. Smith, 
School of Education, University of Kansas. 

4. “Implications of the Findings of Recent Re- 

search in Secondary Science Education,” 

Prevo Whitaker, School of Education, 

Indiana University. 

“Review of Recent Research in College 

Level Science Education,’ Beth Schultz, 


ut 


Depariment of Biology, Lock Haven State 
Teachers College, Lock Haven, Pa. 
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6. “Implications of the Findings of Recent Re- 
search in College Level Science Education.” 
Vaden Miles, Department of Physics, Wayne 
State University. 

Again the symposium overflowed the 
room. There were 80 seated and more than 
thirty standees. A 
away. 


number were turned 
It is your representative's belief 
that this program should be continued with 
little or no modification since it is a “going 
concern.”” He suggests also that persons 
whose major affiliations are with societies 
other than the N.A.R.S.T. be asked to par- 


N.A.R.S.T. 
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indicates that the 
program will be held at the Washington 
Convention of the A.A.A.S. in December 
1958. 


ticipate. Information 


SUMMARY 


Every evidence indicates that affiliation 
with the A.A.A.S. was a wise move and 
the continued participation in the activities 
described in this report are wise. Your 
representative urges the attendance of 
N.A.R.S.T. members at A.A.A.S. meetings. 


PROGRAM OF THE THIRTY-FIRST ANNUAL MEETING OF 
THE NATIONAL ASSOCIATION FOR RESEARCH IN 
SCIENCE TEACHING 


HOTEL SHERMAN, CHICAGO, ILLINOIS 


FEBRUARY 19, 20, 21, AND 22, 1958 


OFFICERS OF THE ASSOCIATION 
1957-1958 


President, NATHAN S. WASHTON, Queens 
College, Flushing, New York 
Vice-President and Program Chairman for 
1958, Tuomas P. Fraser, Morgan State 
College, Baltimore, Maryland 
Secretary-Treasurer, CLARENCE M. Pruitt, 
University of Tampa, Tampa, Florida 
Committee, PRESIDENT; VICE- 
SECRETARY- TREASURER; 
Watpo W. E. BLancuet, Fort Valley 
State College, Fort Valley, Georgia; 
Vaven W. Mites, Wayne State Uni- 
versity, Detroit, Michigan 


Executive 
PRESIDENT ; 


Program Arranged by THomAs P. FRASER, 
Morgan State College, Baltimore, Mary- 
land 


WEDNESDAY, FEBRUARY 19 


4:00 P.M. Executive Committee and Coordinating 
Committee on Collegiate Problems of Teacher 
PIO Ba Soca wee ees Conrad Hilton Hotel 


THURSDAY, FEBRUARY 20 
8:30 A.M.—9:30 A.M. Registration 
PEN so cidecc ules art Hotel Sherman, 107 


9:30 A.M.—11:45 A.M. Investigations and Re- 
search PAMGSS... soc scccess Old Chicago Room 


and Coffee 


Room 


FRASER, Morgan 
saltimore, Maryland 


Chairman: Tuomas P. 
State College, 

1. “Experience With a Physical Science Course 
at the Tenth Grade,” Netson L. Lowry, 
Arlington Heights High School, Arlington 
Heights, Illinois 


2. “A Study of the Relationship of Specified 
Abilities in Chemistry to Each Other and 
To Intelligence,” KENNETH E. ANDERSON, 
The University of Kansas, Lawrence 

3. “A Determination of the Prevalence of 


Certain Important General Science Miscon- 


ceptions Among Ninth and Tenth Grade 
School Children,’ Wuiit1am P. Rocers, 
Eastern Junior High School, East Lynn, 


Mass. 

4. “Science Fiction as a Factor in Science Edu- 
cation,” JoHN H. Woopspurn, The Johns 
Hopkins University, Baltimore, Maryland 

5. “A Few Insights into the Science Teacher 
Supply for the Secondary Schools of Vir- 
ginia,’” Muri. C. SHAWvVER, Madison Col- 
lege, Harrisonburg, Virginia 


:15 P.M.-3:15 P.M. Sixth Annual Review of Re- 
search in Science Education.Old Chicago Room 


_ 
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Co-Chairmen: CLARENCE H. Boeck, Uni- 

versity of Minnesota, Minneapolis, and 

ELtswortuH S. Osourn, Office of Education, 

Washington, District of Columbia 

1. “Elementary Level,” Litttan HeETHERSHAW 
DARNELL, Drake University, Des Moines, 
Towa 


2. “Secondary Level,” Grorce T. Davis, Uni- 
versity of Maine, Orono 
3. “College Level,” Epwarp K. WEAVER, 


Atlanta University, Atlanta, Georgia 


:30 P.M—4:30 P.M. Needed Research in Science 


a Pe eet ea Old Chicago Room 
Chairman: Wit1aAm C. VANn 
Western Michigan University, 


DEVENTER, 

Kalamazoo 

1. “Survey of Needed Research,” Wititam C. 
VAN DEVENTER 

2. “Needed Research from the Standpoint of 
the Office of Education,” Ettsworrn S. 
Opourn, Office of Education, Washington, 
=. <. 


:30 P.M.-5:10 P.M. Investigation and Research 


PONE cys donk dink re ee ewes Old Chicago Room 
Chairman: Epwarp K. Weaver, Atlanta 
University, Atlanta, Georgia 
1. “Traits of Scientists,” SAmMuEL SrTRAUuss, 


McKinley High School, Washington, D. C. 

2. “Factors Affecting the High School Stu- 
dent’s Choice Regarding a Science Career,” 
Maurice Finxet, State Teachers College, 
Kirksville, Missouri 


:00 P.M. Committee on Fourth Digest of In- 


vestigations in the Teaching of Science. . Hotel 
Sherman 

Chairman: Grorce G. MALLINSON, Com- 
mittee on Fifth Digest in the Teaching of 
SS ee eter rere Hotel Sherman 


700 P.M. 


Chairman: KENNETH E. ANDERSON, Execu- 
tive Committee............ Hotel Sherman 


FRIDAY, FEBRUARY 21 


:00 A.M.-11:45 A.M. Research Activities of the 


Association, Hotel Sherman—Old Chicago 

Room 

Chairman: NatHAaN S. WaAsHTON, Queens 
College, Flushing, New York 

1. Progress Report on the Re-Print of Francis 

D. Curtis’: 

a.“A Digest of Investigations in the Teach- 
ing of Science in the Elementary and 
Secondary Schools” 

.“Second Digest of Investigation in the 

Teaching of Science” 

.“Third Digest of Investigations in the 

Teaching of Science,” NATHAN S. WAsH- 

TON 

2. “Fourth Digest of Investigations in the 
Teaching of Science,” GrorGE G. MALLINSON, 
Western Michigan University, Kalamazoo 


_— 
7 
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3. “Fifth Digest of Investigations in the Teach- 
ing of Science,” KENNETH E. ANDERSON, 
University of Kansas, Lawrence 

4. “Criteria for Selecting Supplementary Read- 

ing Science Books for Intellectually Gifted 

High School Students” (Library of Science 

Project), Cyrus Barnes, New York Uni- 

versity, New York, N. Y. ° 


:15 P.M.-3:15 P.M. Investigations and Research 


WN eke 5 orahouee ee Old Chicago Room 

Chairman: Wartnvo W. E. BLancuet, Fort 

Valley State College, Fort Valley, Georgia 

1. “Student Reactions to High School Sci- 
ence,” R. R. HAun, Drake University, Des 
Moines, Iowa 


2. “A New Approach to the Measurement of 
Problem Solving Ability,” Josepn OD. 
Novak, Kansas State Teachers College, 


Emporia 

3. “Experimentation With A Curriculum For 
the Talented Student in Biology,” JEROME 
Metzner, The Bronx High School of Sci- 
ence, New York, N. Y. 

4. “Teleology in College Biology Textbooks,” 
Marvin E. OAKeEs, Queens College, Flush- 
ing, New York 


5. “Teachers College Standards in Chemistry,” 
Letann L. Writson, Iowa State Teachers 
College, Cedar Falls 

:30 P.M.-5:00 P.M. Business Meeting 


Old Chicago Room 

Chairman: VAven W. Mires, Wayne State 

University, Detroit, Michigan 

1. “Review of the Activities of the Association,” 
NATHAN S. WAsHTON, President, NARST, 
Queens College, Flushing, N. Y. 

2. “Relationships with the National Science 
Teachers Association,” Hrerspert A. SMITH, 
President-elect, NSTA, University of Kan- 
sas, Lawrence 

3. “Relationships with the American Associa- 
tion for the Advancement of Science,” 
Grorce G. MALLINSON, Western Michigan 
University, Kalamazoo 

4. “Relationships with the Office of Education,” 
E:tswortu S. Onourn, Office of Education, 
Washington, D. C. 

5. “Report of Committee on Educational 
Trends,” ABRAHAM RASKIN, Hunter College, 
New York, New York; JERoME MEtTZNER, 
The Bronx High School of Science, New 
York, N. Y. 

6. “Reports of Special Committees” 

7. “Report of Secretary-Treasurer,” CLARENCE 
M. Pruitt, University of Tampa, Tampa, 
Florida 

8. “Report of Election for Officers for 1958-59” 

9. “New Business” 


:30 P.M. Meeting with Combined Organizations, 


Grand Ballroom, Conrad Hilton Hotel 


American Association of Colleges for Teacher 
Education 
Association for Student Teaching 
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:30 


National Association for Research in Science 
Teaching 
National Association of Business Teacher- 


Training Institutions 
National Society of College Teachers of Edu- 
cation and other representatives of the 
Coordinating Committee on Collegiate Prob- 
lems of Teacher Education 
Presiding: Harvey M. Rice, 
President-elect 


AACTE 


:30 P.M. Men’s Glee Club—lIllinois State Normal 


University—Director; HArLAN W. PeIrHMAN 

P.M. Address, Ralph J. Bunche, Under 

Secretary, United Nations, New York, New 

York 

Social Hour—Combined 
mandie Lounge...... 


Nor 
Hotel 


Organizations, 
Conrad Hilton 


SATURDAY, FEBRUARY 22 


700 A.M.-10:00 A.M. Joint Meeting with Na- 


tional Council for Elementary Science. . Hotel 
Sherman, George Bernard Shaw Room 
Chairman; Joe ZAFrForont, President NCES, 
University of Nebraska, Lincoln 
“Introductory Remarks,” Joe Zafforoni 


PANEL 


Subject: “How Recent International Scientific 
Developments Affect Sciences,” June Lewis, 
State University Teachers College, Platts- 
burgh, New York 
Kenneth E. Anderson, University of Kaiisas, 

Lawrence 
Vaden W. Miles, Wayne State University, 
Detroit, Michigan 


10:30 A.M.-11:30 A.M. Concurrent Symposia 


Symposium I Implications of Recent Inter- 
national Scientific Developments for Research 
in Elementary School Science Teaching 

George Bernard Shaw Room 


Chairman: Murre. BeuscHetn, ° Chicago 
Teachers College, Chicago, Illinois 
Speaker: John Sternig, Glencoe Schools, 


Glencoe, Illinois 
Recorder : Larry Hubbell, Northwestern Uni- 
versity, Evanston, Illinois 
Symposium II Implications of Recent Inter- 
national Scientific Developments for Re- 
search in High School Science Teaching 
Gold Room 
Chairman: Watvo W. E. BLancuet, Fort 
Valley State College, Fort Valley, Georgia 


N.A.R.S.T. 


1 
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Speaker : Clarence Boeck, University of Min- 
nesota, Minneapolis 
Recorder: Margaret McKibben, Oak Park 
and River Forest High School, Oak Park, 
Illinois 
Symposium III Implications of Recent Inter- 
national Scientific Developments for Research 
in College Science Teaching..... Jade Room 
Chairman: Tuomas P, Fraser, Morgan State 
College, Baltimore, Maryland 
Speaker: Nathan S. Washton, Queens Col- 
lege, Flushing, N. Y. 
Recorder: Marvin Solomon, Michigan State 
University, East Lansing 
2:15 P.M.-2:00 P.M. (Honoring 
Clarence M. Pruitt, Secretary-Treasurer, 
NARST, for 30 years of Meritorious Service) 
Ruby Room 


Luncheon 


Speaker: Bowen C. Dees, Deputy Assistant 
Director for Scientific Personnel and Edu- 
cation, National Science Foundation, Wash- 
ington, District of Columbia 


Subject: “Science Education and the Space 


Age” 
15 P.M-2:45 P.M. Reports of Symposia by 
Recorders....... George Bernard Shaw Room 


Chairman; Tuomas P. FRASER 
Report of Symposium I, Larry Hubbell 
Report of Symposium II, Margaret McKibben 
Report of Symposium III, Marvin Solomon 
30 P.M.-4:30 P.M. 


search Papers... 


Investigations and Re- 

.George Bernard Shaw Room 

Chairman: G. Martan Younc, University of 
Florida, Gainesville 

1. “A Study of Formulating and Suggesting 
Tests for Hypothesis in Elementary School 

Learning Experiences,” J. Myron 
Atkins, University of Illinois, Champaign 

2. “An Appraisal of Elementary School Science 

Instruction in the State of Illinois,” Helen 

J. Challand, National College of Education, 

Evanston, Illinois 

“Concepts of Light and Sound in the Inter- 

mediate Grades,” Pearl A. Nelson, Boston 

University, Boston, Massachusetts 

4. “Evaluation of an Elementary Science Tele- 
vision Program,” William B. Reiner, Board 
of Education of the City of New York, 
3rooklyn, New York 

5. “Elementary Science Programs That Suc- 
ceed: New Evidence,” Donald A. Boyer, 
Winnetka Public Schools, Winnetka, Illinois 


Science 


we 








OFFICIAL MINUTES OF THE THIRTY-FIRST ANNUAL 
MEETING OF THE NATIONAL ASSOCIATION FOR 
RESEARCH IN SCIENCE TEACHING 


HoTEL SHERMAN, CHICAGO, ILLINOIS 
February 21, 1958 


HE business meeting of the National 

Association in Science 
Teaching was called to order by President 
Nathan S. Washton. Dr. Washton as 
President of the National Association For 
Research in Science Teaching made a 
report on the activities of the Association 
during 1957-58. Dr. Washton then dis- 
cussed at some length the Francis D. 
Curtis Digests of Investigations in the 
Teaching of Science and the Annual Re- 
views of N.A.R.S.T. It was proposed to 
the first three Curtis’ Digests 
which have been out of print for a long 


for Research 


publish 


time and to set up two committees to pre- 
pare the Fourth and Fifth Digests. 
There followed a discussion on affilia- 
tion N.A.R.S.T. the American 
Association of Colleges for Teacher Edu- 
Glidden and Oakes 
onded a motion that the Executive Com- 


of with 


cation. moved sec- 
mittee act upon its best judgment in con- 
sideration of affiliation with the American 
Association of Colleges of Teacher Educa- 
tion and that the Executive Committee be 
empowered to act. There was discussion 
by Glidden, Oakes, Wheeler, Woodburn, 
Fraser. Mallinson, Pella, Miles and Pruitt. 
The motion carried. 

Dr. Herbert A. Smith reported on the 
activities of The National Science Teachers 
Association they might affect 
N.A.R.S.T. 

A motion was made and passed that a 
letter of thanks be sent to the Library 
of Science for their to 
N.A.R.S.T. A _ motion made and 
passed that a similar letter of thanks be 
sent to the General Biological Supply 
House for providing funds for the pub- 


as 


contribution 
was 


80 


lication and mailing of publicity materials 
relating to the program of the Chicago 
meeting. 

The Secretary-Treasurer, Clarence M. 
Pruitt, then made his annual report as 
secretary. It was voted to dispense with 
the reading of the minutes in as much as 
they are published in Science Education. 

The secretary reported the passing of 
William Lewis Eikenberry on December 
20, 1957, at his home in Polo, Illinois. Dr. 
Eikenberry served as the first president of 
N.A.R.S.T. Oakes made a motion, sec- 
ended by Boeck, that the secretary write 
a letter to Dr. Eikenberry’s son express- 
ing the sympathy of N.A.R.S.T. on the 
passing of his father. Motion carried. 

The report of the auditing of the Treas- 
urer’s book was made tor the auditing 
Committee by the Chairman Dr. Betty 
Lockwood Wheeler. Other 
the committee were Dr. Florence G. Billig 
and Prof. Lillian H. Darnell. The Treas- 
urer’s book was found to be in order and 


members of 


in balance. It was moved and seconded 
that the Auditing Committee report be 
Treasurer Clarence M. Pruitt 
then made a report on the finances of 
N.A.R.S.T. (See condensed report in this 


issue of Science Education. ) 


accepted. 


The report of the Nominations Com- 
mittee was made by Dr. Harley F. Glid- 


den. Other members of the Committee 
were Mrs. Catherine W. Dale and Dr. 
Margaret J. McKibben. The Commit- 


tee proposed the following list of nomina- 
tions for officers in N.A.R.S.T.: President, 
Thomas P. Fraser; Vice-President, Vaden 
W. Miles; Secretary-Treasurer, Clarence 
M. Pruitt; Executive Committee Nathan 
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S. Washton and Clarence H. Boeck. It 
was moved, seconded, and passed, that the 
report of the Nominations Committee be 
accepted. Oakes made a motion, seconded 
by Pella, that the Secretary be empowered 
to cast a unanimous ballot for those named 
by the Nominations Committee. Motion 
carried. 

Dr. George G. Mallinson, as N.A.R.S.T. 
representative on the Cooperative Com- 
mittee, made his annual report on the ac- 
the Cooperative Committee. 
(See report in this issue of Science Edu- 
tion). It 
passed, that 


tivities of 


and 
report be 


was moved, seconded, 


Dr. Mallinson’s 
accepted. 

Dr. Ellsworth S. Obourn made a report 
on the relations between the U.S. Office of 
Education and N.A.R.S.T. Dr. Abraham 
Raskin then made a report for the Com- 
Trends. 


mittee on Educational 


There discussion 
relating to the publication of the first three 
Curtis’ Digests and the two committees to 
be in charge of the preparation of the 
Fourth and Fifth Digests. Dr. Clarence 
H. Boeck Ellsworth S. 
Obourn seconded a motion that the mem- 
bership of N.A.R.S.T. empower Nathan 
S. Washton and Clarence M. Pruitt, acting 


followed considerable 


moved and Dr. 


in the name of the Executive Committee, to 
sign contracts and other documents relating 
to the publication of the five Digests, with 
the Scarecrow Press. Motion carried. 
There need 


A motion to 


as to the 
of raising N.A.R.S.T. dues. 


was discussion 
increase such dues was passed but this 
action was rescinded when it was found 
that the Constitution did not permit such 
action without a previous written notice 
to all members at least ninety days prior to 
the annual meeting. 

Dr. William C. Van Deventer was made 
chairman of a three-year Committee on 
Needed 
Other members of this committee are Ells- 
worth S. Obourn, Edward K. Weaver, 
Waldo W. E. Blanchet, Nathan S. Wash- 


Research in Science Education. 
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The commit- 
identification 


ton and Ida Beth Schultz. 
tee has as it function the 
of basic, broad issues in science education. 
The committee has as one of its functions 
the finding of possible support for such 
research. 

The Executive Committee 
Ellsworth S. 
Washton 


on publication of a series of monographs 


named Dr. 
Obourn and Dr. Nathan S. 
as co-chairmen of a committee 
on various 

Members 


aspects of teaching science. 


named to the two Digests 


committees were as follows: 


Fourth Digest: Kenneth E. Anderson, 
Chairman; H. Clark Hubler, Clarence H. 
Boeck, Hubert F. 
Herbert A. Smith, Fifth Di- 


gest: George G. Mallinson, Chairman; N. 


Thomas P. Fraser, 


Evans, and 
Eldred Bingham, William B. Reiner, Ed- 
William C. Van De- 


venter, and Cyrus W. Barnes. Consultants 


ward K. Weaver, 


to both Committees: Francis D. Curtis and 


Clarence M. Pruitt; Editor, Nathan S. 
Washton. 
A motion was made and carried that 


the 1958 Annual Business Meeting be de- 
clared adjourned. 

CLARENCE M. Pruitt 
Secretary 


DINNER MEETING 


Members of N.A.R.S.T. attending the 
dinner meeting were Mervin E. Oakes, 


Harley F. Glidden, Margaret J. McKibben, 


Vernon C. Lingren, Nelson L. Lowry, 
Loren T. Caldwell, Allen D. Weaver, 
Clyde M. Brown, Robert Ray Haun, 


Muriel Beuschlein, Jerome Metzner, Wil- 


lard J. Jacobson, Marvin D. Solomon, 
Ellsworth S. Obourn, Waldo WW. E. 
Blanchet, Edward K. Weaver, Thomas 


P. Fraser, Leroy Spore, Vaden W. Miles, 
John C. Mayfield, Clarence H. Nelson, 
Nathan S. Washton, William C. Van De- 
venter, Clarence H. Boeck, Catherine W. 
Dale, Florence G. Billig, Betty L. Wheeler, 


and Clarence M. Pruitt. 
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PRESIDENTS OF THE NATIONAL 
ASSOCIATION FOR RESEARCH 
IN SCIENCE TEACHING 


Netra ae W. L. Ejikenberry 
DE da dates heat nado oe W. L. Ejikenberry 
rere & W. L. Ejikenberry 
BON Sc wits cbc baneneee Elliot R. Downing 
| ER permite: Elliot R. Downing 
| RE RE RPE FES eb Francis D. Curtis 
BN seid sae, Bia Orie ond ata Ralph K. Watkins 
Ie errr error er Archer W. Hurd 
BE. a: aorend stealer dans CC ai Gerald S. Craig 
Bs os ccen sa haics nice d Walter G. Whitman 
Bo ce slide v ceennie se Carre Hanor A. Webb 
Serer reer. S. Ralph Powers 
EE re oper es! Otis W. Caldwell 
EE See rey Harry A. Carpenter 
iad 85. ees ba sasdk hee G. P. Cahoon 
| RS eter pe Florence G. Billig 
EL giddicn oie tw ed ee Florence G. Billig 
ER SR re Pee Florence G. Billig 
SRL sth ae + a blnn eta C. L. Thiele 
SRR ere re ne Earl R. Glenn 
Ng im de howiatin wwe dcainnn SRS Ira C. Davis 
REE EECA Joe Young West 
ER eer ee ee > N. Eldred Bingham 
_._ RRR pe eros te Betty Lockwood 
es 62x > Snip Ghee ne ag Betty Lockwood 
SING alist + 6. ink Sed ole rato J. Darrell Barnard 
ARR A er os George G. Mallinson 
rrr rere Kenneth E. Anderson 
__. SER re eeerrys + W. C. Van Deventer 
te hart ah Dacia Waldo W. E. Blanchet 
ree a Nathan S. Washton 


N.A.R.S.T. 1958 FINANCIAL REPORT 
Fepruary 21, 1958 








RECEIPTS 
ee eee ere $ 00.00 
PIE IED «bins < non snsvandesaen 914.00 
FO ee eer eee 1,000.00 

ME Scaicalcrtak > puredowe Seuss eee $ 1,914.00 
EXPENDITURES 
Indianapolis A.A.A.S. meeting...... $ | 50.00 
Hotel Sherman Coffee Hour......... 43.00 
Dinner for Guest Speaker............ 4.25 
ee th SS ee eee 2.53 
eS ee errr cr 3.84 
OME eek eewinns euteaces 28.45 
Seremeriel TXGOMSG os oc so ceccce ven 60.48 
ath ta @ ata Socio dna''ss wid pun ico onset 26.45 
eg OS errr ere 695.00 
OT oe LS poets Sees ee $ 914.00 
Ne eee 5 $ 1,000.00 
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BOOK REVIEWS 


Lassson, Ropert. Orange Oliver. New York 
(55 Fifth Avenue): David McKay Company, 
Inc., 1957. 32 P. $2.50. 


Oliver Orange is a kitten who never seemed 
to do anything right. The farmer decided Oliver 
Orange was just stupid, but his daughter Linda 
thought otherwise. She takes Oliver Orange to 
an eye doctor who fits him with glasses and 
then everything is all right. It is very interesting 
how the optometrist fits Oliver Orange with cor- 
rect glasses! 

Children of five to eight will enjoy this orig- 
inal story illustrated in color by Chuck Hayden. 


Apvetson, Leone. All Ready for School. New 
York (55 Fifth Avenue) : David McKay Com- 
pany, Inc., 1957. 32 P. $2.75. 


This Junior Literary Guild selection is suitable 
for beginners in school—kindergarten or first 
grade. 

Like most children Patty finds getting ready 
for the first day of school is real exciting. Patty 
wanted to go to school yet she wanted to stay 
home, too. Patty gets a lot of help from the 
animals near her home! Patty finds school much 
more pleasant than she had ever imagined. 

This is a fine book for the first weeks of school 
as a story to be read and later as a reader to 
be read. Illustrations in color are by Kathleen 
Elgin. 


BuULLouGH, WILLIAM, AND HELENA. Introducing 
Animals. New York (432 Fourth Avenue) : 
Thomas Y. Crowell Company, 1954. 55 P. 
$2.50. 


This book introduces all the common and 
important groups of lower animals—the animals 
without backbones. The short chapters are full 
of up-to-date information and the story develops 
from the simplest to the more complex animal. 
Every page has black-and-white illustrations. 

Accounts are given of what the animals look 
like, how and where they live, and how they 
reproduce and grow. The book is suitable for 
ages 10 and up. 


BuLLouGH, WILLIAM, AND HELENA. I[ntroduc- 
ing Animals with Backbones. New York (432 
Fourth Avenue): Thomas Y. Crowell Com- 
pany, 1955. 72 P. $2.50. 


This is a companion volume to the authors’ 
Introducing Animals reviewed above. Animals 
with backbones are described in this book—with 
the same general scheme and illustrations as the 
other book. Animals with backbones appeared 


some 350 million years ago. 

The book is suitable for readers ten years and 
up. The author, Mr. Bullough, is professor of 
zoology at the University of London. 
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Hocner, Dororuy Cuitps. Frogs and Polliwogs. 
New York (432 Fourth Avenue): Thomas Y. 
Crowell Company, 1956. 68 P. $2.50. 


This book is full of interesting facts about 
frogs and toads. It tells how frogs grow from 
egg to tadpole to adult, where it likes to live, 
what it likes to eat, who its enemies are, how 
it makes sounds, how it eats, and so on. Many 
different kinds of frogs are described. 

There are many fine illustrations by the au- 
thor’s husband Nils Hogner. Mrs. Hogner is 
one of our best known science writers for young 
people. Among her books are: Spiders; Earth- 
worms; The Horse Family; The Cat Family; 
The Dog Family; Herbs from the Garden to the 
Table; The Animal Book; Barnyard Family; 
Odd Pets; and so on. 

This book is suitable for seven-to-ten year olds 
and is an excellent book for the elementary 
science book shelf. 


BRANLEY, FRANKLYN M. AND VAUGHAN, ELEA- 
nor K. Mickey's Magnets. New York (432 
Fourth Avenue): Thomas Y. Crowell Com- 
pany, 1956. Unpaged. $2.50. 


Mickey has a lot of fun with a magnet. His 
adventures will delight a lot of other youngsters, 
too. Magnets have always been fascinating to 
most children. Naturally they do not under- 
stand why they do what they do (adults don’t 
really know either!) but its a lot of fun trying. 
This book suggests a number of things a first- 
grader can do with magnets giving him valuable 
first hand experience. 

There are attention-catching pictures in color 
by Crockett Johnson. 

Dr. Branley is a teacher of science at the Jersey 
City State Teachers college in Jersey City and 
a lecturer at the Hayden Planetarium in New 
York City. He is the author of Mars, Experi- 
ments in the Principles of Space Travel, Lode- 
star: Rocket Ship to Mars, and co-author of 
seven science experiment books. 


Brown, Grapys E. Tico Bravo: Shark Hunter. 
Boston (34 Beacon Street): Little, Brown and 
Company, 1954. 132 P. $2.50. 


Tico and Julita Bravo, twins, lived in Costa 
Rica where the father Captain Bravo had a ship 
named Tiberon which means shark. The boat 
was a shark fishing boat. 

The shark were caught for the livers which 
are a chief source of vitamins and for the fins 
which the chinese use in making soup. Naturally 
seventh-grader Tico much preferred going with 
his father on the Tiberon than staying in school 
studying. After missing out on one goal neces- 
sary to accompany his father, Tico finally gets 
to go and a thrilling adventure is his. Upper 
grammar grade and junior high school boys (and 
some girls, too) will enjoy this book on shark 
fishing—a rather risky occupation at that. The 
book is well written. It is a good book to show 
how other groups and races live and play. 
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Harris, Louise Dyer, anp Harris, NorMAN 
Dyer. Slim Green. Boston (34 Beacon 
Street): Little Brown, and Company, 1955. 
53 P. $2.00. 
Slim Green is the story of a green snake’s 


fascinating experiences through the season—where 
he lives, where he goes, whom he meets, how 
he moves, what he eats, and so on. He has many 
adventures, some of them terrifying for him. 

People usually don’t like snakes because they 
know nothing about them. .Learning to know a 
green snake is a good way for children to begin— 
its about the most harmless of all snakes. It is 
illustrated in color by Robert Candy. 

The book is suitable for the intermediate 
grades. It is a fine book on snakes and their 
activities. 


CHRISTOPHER, Mat. Baseball Pals. Boston (34 
Beacon Street): Little, Brown and Company, 
1956. 117 P. $2.50. 


Jimmie and his pal, Paul wanted to be the 
pitcher on the Planets. As Captain, he became the 
Planets pitcher, but he found out the hard way 
it takes more than desire and your own personal 
opinion of yourself to be a winning pitcher. Paul 
who had been pitching for the Red Rockets before 
the opening of the Grasshopper League season 
comes back to be the Planets pitcher and Jimmie 
finds his true position is shortstop. 

This is a fine book for all young boys with a 
well-told story and good child psychology along 
with it. The book is suitable for seven-to-eleven 
year olds. 


McCreapy, Jr. T. L. Mr. Stubbs. New York 
(101 Fifth Avenue): Farrar, Straus, and 
Cudahy, 1956. 47 P. $2.50. 

Mr. Stubbs was truly an unusual cat. What 


he lacked in tail he more than made up in 
spirit. He was truly a cat of cats. Of course 
he had a lot of help from the Warner children. 
Altogether this is about as delightful a cat story 
as children are likely to read about.  Illustra- 
tions are in color and black and white. The 
book is especially recommended for primary grade 
children. 


ScHietn, MrirtAmM. How Do You Travel? Nash- 


ville, Tennessee: Abingdon Press, 1954. Un- 
paged. $1.50. 
All kinds of travel are found in this book 


for small children—rabbits and kangaroos hop- 
ping along, fish swimming, birds flying, monkeys 
swinging from tree to tree, elephants tramping 
through the jungle, skis, sleds, trains, bus, car, 
plane, and so on. Lively pictures in color by 
Paul Gauldone catch the imaginative spirit of 
the well-known elementary science writer of 
books for small children. This is a delightful 
book for the beginner’s science book shelf. 
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HAtiock, Grace T., ALLEN, Ross L., AND 
Tuomas, ELeAnor. Health and Happy Days 
and Health in Work and Play. Boston (Statler 
Building) : Ginn and Company, 1954. 127 P. 
and 160 P. $1.40 and $1.52. 


The above two titles are the first and second 
grade books respectfully of the Health for Better 
Living series. Each book is designed for easy 
reading in the grade for which it is intended. 
Particular attention has been paid to vocabulary 
and literary style. The first book uses 245 
different words and the second 475 different 
words. 

Health information is presented through a 
series of stories interesting to children. The 
first grade stories are about the home, the school, 
fun at school, our helpers, are we healthy, and 
its fun to grow. The second grade stories center 
about how to be clean and neat, do it the safe 
way, how to keep well, foods we eat, what we do 
on time, and grow and have fun. 

Colored pictures add much to the appeal and 
understanding of the reading material. 


Isu-KisHor, JupitH. Joel Is the Youngest. New 
York (8 West 40th Street): Julian Messner, 
Inc., 1954. 190 P. $2.75. 


Joel was eight—and going on nine—and he felt 
grown-up. At least that’s what he wanted to do 
more than anything else—grown-up like 11 year 
old brother Phil or 13 year old brother Alex 
or even 9-year old sister Sally. It was terrible 
to be the baby in the family and growing-up was 
such a slow, painful process. But Mother and 
Father, Aunt Millie, and Grandfather Mendoza 
were very understanding. 

Woven around Joel’s activities is interesting 
information about some of the major Jewish 
holidays and how they are celebrated in the 
home. 

This is a delightfully written book that is fine 
for bringing about better cultural and social rela- 
tions and understanding between groups. This 
is an excellent book for the elementary school 
library. 





CAMERON, ExizAsetH. Away I Go; All Abeut 
Baby; We Live on a Farm; A Wish for Billy. 
New York (1107 Broadway): Wonder Books, 
Inc., 1956. 60 P. each. $0.25 each. 

These four titles are a combined reader and 
workbook. Away I Go and All About Baby are 
on the pre-primer level; We Live on a Farm is 
for the primer level; and A Wish for Billy is for 
the first grade level. All could be used in the 
first grade as there is reading material in each 
book. 

There are attractive pictures in color by George 
Wilde and Kathleen Elgin. The workbook part 
suggest many varied activities for primers and 
first graders. There are songs to sing, things to 
make, things te do, pencil work, picture-word 
matching, games, art activities, puzzles, poems 
to learn, and so on. 
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Considering the low price, the quality of the 
pictures and reading material, the many excellent 
suggested pupil activities, this series reader work- 
books could prove very popular with elementary 
teachers and pupils. 


Battey, Bernapine. Picture Book of Kentucky, 
Picture Book of Connecticut, and Picture Book 
of Maryland. Chicago (560 West Lake 
Street) : Albert Whitman and Company, 1956. 
Unpaged. 


These books are one of the now famous 
Whitman Know Your States books. The book 
gives a panoramic view of the state’s history 
from the beginning down to the present. There 
is much useful information about the state’s 
natural resources, scenery, commerce, and ac- 
complishments. 

There is a map of the state, the state seal, 
and drawings of the state flower and state bird. 

Illustrations are in color and black and white 
by Kurt Wiese. The books are recommended for 
eight to twelve year olds and for the elementary 
book shelf. 


Hocner, Dorotuy. The Cat Family. New York 
(114 Fifth Avenue) : Oxford University Press, 
1956. 68 P. $2.75. 


A lot of people—especially children and women 
-—love cats. One or more cats are often found 
in a home. Nearly every farmer has one or 
more cats. 

When cats were first domesticated by man is 
not known. All domestic cats in America are 
descendents of cats brought from Europe. It is 
thought that European cats originally came from 
Egypt. 

All kinds of cats—domestic and wild—are de- 
scribed in this book—their habits, characteristics, 
myths. Wild cats include jaguar, lynx, Amer- 
ican Mountain lion, tiger, lion, leopard, cheetah, 
civet, European wild cat, golden cat of Asia, and 
many others. 

Pictures are by the author’s husband Nils 
Hogner. The author is a well-known science 
writer. This book is a fine book for the science 
shelf, elementary and junior high. Nine-year 
olds and up should be able to read the textual 
material readily. 


LipKinp, Witt. Boy of the Islands. New York 
(383 Madison Avenue): Harcourt, Brace and 
Company, 1955. 55 P. $2.50. 


Lua, a boy of the Hawaiian islands wanted 
to be a great runner like his father. Then he 
has a fight with a shark and is severely injured. 
Then he learns his mother is a princess from 
another island. He is one of many who makes 
a trip back to his mother’s old home. On his 
return he eventually learns he is being trained 
to be a leader of his and his mother’s former 
home. This is a story of life on the Hawaiian 
Islands in the long ago. 





























The author is an anthropologist who gives an 
accurate portrayal of the customs of an inter- 
esting people. 


WasuHBuRN, Jr. STantey. Nimbo, The Little 
Cloud That Turned Black. Philadelphia (1010 
Arch Street) : The John C. Winston Company, 
1954. 41 P. $2.00. 


For all of the boys and girls (and grown-ups, 
too) who feel uneasy when lightning flashes and 
thunder rolls here’s a delightful book that tells 
what the clouds are doing and what the people 
under them should do. A thunder-storm is ex- 
citing—a thing of beauty, mystery, and awe, too. 

Nimbo is the fleecy white cloud drifting lazily 
over the country side that grows into a blustery, 
bumbling thunderstorm above the farm lands in 
the prairies to eventually pass over New York 
City and finally disappear at sea. So this is a 
story of lightning, thunder and thunderstorms— 
how a thunderstorm develops and safe practices 
during a electrical storm. 

There are striking illustrations in black and 
white by Clara Jo Stember. This is a fine book 
for the elementary science book shelf and as a 
pupil reference on lightning and thunderstorms. 


Josep, ALEXANDER. Rockets Into Space. Chi- 
cago (57 West Grand Avenue): Science Re- 
search Associates, 1955. 48 P. 


Rockets Into Space is an excellent pamphlet 
telling the story of rockets and the exciting possi- 
bilities of space travel. 

The author is a well known science writer 
and instructor in the High School of Science 
in New York City. 

The author discusses what rockets are like, 
what makes rockets go, why they are so impor- 
tant in the world to-day, why they can travel 
faster than other man-made objects, the kind 
of fuel rockets use, the possibility of going to 
the moon, and the hazards of space. 

This is an excellent pamphlet for elementary 
science and other science teachers as well as 
other persons desiring accurate knowledge about 
rockets. 


TuHorn, SAMUEL A., AND Duncan, Cari D. 
Let’s Learn How. Chicago (1900 North Nar- 
ragansett Avenue): Beckley-Cardy Company, 
1956. 255 P. $2.40. 


This is the fourth-grade level Beckley-Cardy 
Science and Conservation Series. This science 
series with a conservation emphasis is intended 
to develop children’s ability to perceive problems, 
seek solutions by direct observation, and evaluate 
results. The ten units are: Science All Around 
Us, A World Changing, Useful Plants and Ani- 
mals, Nature in Balance, Plans for Tomorrow, 
The Solar System, The Face of the Earth, Ele- 
ments and Oxides, Energy and Machines, and 
Sound and Light. There are numerous illustra- 


tions in color. Interesting experiments are inter- 
spersed with the textual material. 

The senior author, Mr. Thorn was on the 
science department faculty at Wisconsin State 
Teachers College in Milwaukee and Dr. Duncan 
is the Head of the Natural Science Department 
at San Jose State Teachers College in California. 
This book should prove to be most readable and 
challenging to fourth-grade pupils. They will 
enjoy the many experiments suggested. 


Nerr, Priscittra Horton. Little Miss Callie. 
New York (55 Fifth Avenue): Longman, 
Green and Company, 1955. 116 P. $2.50. 


Little question box Annot Sanders arrives in 
Clearview, California. On the train she asked 
sO many questions and seemed to know so much 
about California the conductor gave her a nick- 
name that was to stick with her, Little Miss 
Callie. Her friend Jean, a classmate in the sixth 
grade is writing a play to be given by the class— 
a play about the need for a public park and a 
Community house. Miss Callie dreams a plan 
after Old First burns and crises follows crises. 
But in the end her wishes com: true—the public 
park and Community House—her father there— 
and a pony all her own. 

This is a fine story, especially for girls 8 to 12 
years old. 


Macoon, Marian W. Ojibway Drums. New 
York (55 Fifth Avenue): Longmans, Green 
and Company, 1955. 146 P. $2.75. 


Little Half Sky had the keenest ears among 
the Ojibways who lived on Birch Island in 
Canada. Detecting the far-off war chant of the 
enemy Iroquois, Little Half Sky saved his peo- 
ple from an lroquois trap. 

The everyday life of the Ojibways is told 
around the adventures of Little Half Sky and 
his friend Big Face—the bear fight, the call of 
the treacherous whippoorwill, the sad message of 
the death of Grandfather, footsteps of the Bear, 
the great beasts, and the honor’s given them. 

This is an adventure story that will please 


.many young readers 8 to 12 years of age. 


James, Epwarp C. Wilderness Warden. New 
York (55 Fifth Avenue): Longmans, Green 
and Company, 1955. 214 P. $2.75. 


Wilderness Warden has as its major theme 
the importance of wildlife and forest conservation. 
The story is built around the activities of Don 
Hubbard, serving his first tour of duty in a 
sparsely settled wildlife district in northern Maine. 
Game poachers and lumber men violently oppose 
Hubbard’s activities, not even hesitating at num- 
erous murder attempts. 

Nature lore, woods craft, conservation, are an 
important phase of this book. Along with this 
is a story of adventure many youngsters will 
enjoy. The book would serve excellently as a 
supplementary reading book. 
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A reliable apparatus for viewing tracks 
: of charged particles emanating from 


radioactive substances. 


Just hand the package to any student 
who will read our simple instructions. 
He will have the unit set up and pro- 
ducing tracks in minutes. Operation 
will continue for hours. Dry ice, methyl 
alcohol, and a flashlight will be 
needed, of course. Everything else, 
including a safe radioactive source is 
included. 


No. 2158B (s 





ILLUMINATION 








THIS IS HOW 
IT'S MADE— 


But if you are thinking of 
making your own because it 
looks easy aad might cost 
less, we believe you will be 
disappointed on both counts. 
Many who have tried making 
one have told us how much 
more satisfactory our profes- 
sionally made and tested Write for 
cloud chamber really is. They --- 

were pleased by the low ~ rs complete 
price, especially when they : <=: circular. 
considered any cost of this 
item in assembling and fit- 
ting the necessary parts. 
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